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PREFACE TO EIGHTH EDITION 

T IIHL general plan of this work is to give, in each group 
-L of the Invertebrata, first, a short account of its general 
zoological features with a more detailed description of the 
hard parts of the animals; secondly, its classification and 
the oharMters of the important genera, with remarks on 
the affinities of some forms; and thirdly, a description of 
the present distribution, and the geological range. The 
account of each genus is foUowed by the enumeration of 
one or more typical species, so as to guide the student in 
making use of a large collection. 

^le illustrations are employed mainly for the purpose of 
explaining structure and terminology, and will not enable 
the student to dispense with the use of specimens. The list 
of palaeontological works is intended to indicate where 
further information may be obtained in any branch of the 
subject; it includes works of general interest in each group, 
and others dealing especially with British fossils. 

Minor alterations and corrections have been made in 
this edition and the list of palaeontological works Haa been 
brought up*to*date. In connection with the systematic 
position of the Graptolitoe attention must be called to the 
work of Kozlowski on the Dendroids fi-om the Upper Tre- 
madoc. He maintains that they are not Hydrozoa, but are 
allied to the Pterobranchia among the Hemichordata. This 
is made probable by the presence among the Oraptolitee of 
a Pterobranch related to the living Ce.phalodi^cus. 

H. WOODS 


March 1946 
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INTRODUCTION 


From the earliest times it has been known that bodies 
resembling marine animals occur embedded in the rocks. 
For several centuries two distinct views were held respect- 
ing their nature. By some persons they were thought to 
have once formed parts of living animals, and consequently 
to indicate that the spot where they are now found was in 
psist ages covered by the sea. Others, feeling it difficult 
to account for so much geographical change as would be 
necessitated by this view, considered that they were not of 
organic origin at all, but had been formed by some 'plastic 
force' within the earth—that they were in fact 'Sports of 
Nature*. Since, however, these bodies resemble in every 
essential respect the hard parts of animals now existing, 
we may at once reject this hypothesis. 

The remains of animals and plants of past ages preserved 
in the rocks are known as fossils, the study of which forms 
the subject of Paleontology. 

In order that an animal or plant may become a fossil 
two conditions are generally necessary: First, it must pos¬ 
sess a skeleton of some kind or other, since the soft parte 
are rapidly decomposed; consequently such animals as 
jelly-fishes leave no toace of their existence, unless it be a 
mere imprint. Secondly, the organism must be covered up 
by some deposit, otherwise it will soon crumble to pieces. 
Now, since there are comparatively few places on land 
where material is being deposited to any great extent, it 
follows that terrestrial animals will stand but little chance 
of being preserved; the greater number after death will 
remain on the s\irface and will in a short time be entirely 
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decomposed. A few may become entombed in peat-bogs, 
in the dust and ashes thrown out by volcanoes, in the sand 
of sand-dunes, or by a landslip; some may be sealed up in 
deposits of carbonate of lime, such as the travertine thrown 
down by calcareous springs, or the stalagmite formed on 
the floor of caves; and lastly, others may be transported 
by running water and ultimately buried in the bed of a 
river, of a lake, or of the sea. Such instances, however, are 
of comparatively rare occurrence. In the case of aquatic 
animals the conditions for fossilisation are much more 
favourable, since deposition is more universal in water than 
on land. Of such aqueous deposits, those formed in the 
sea will enclose by far the larger number of animals on 
account of the greater area which these deposits cover. 

The structure and composition of the hard parts vary 
considerably in different groups of animals and plants; 
some are therefore much more readily preserved as fossils 
than others. Thus in Argmavia the skeleton consists of a 
thin shell which is easily broken up; then again in some 
sponges it is formed of needles of silica, which are held 
together by the soft parts only and consequently easily 
become scattered after the death of the animal. But in 
other cases, as in most of the molluscs and corals, the 
skeleton is very strong and not easily destooyed, hence 
these occur abundantly in the fossil form. Perhaps even 
more important than the structure, is the composition of 
the hard parts, which) in the case of insects and some 
hydroids, consist of a homy substance known as chitin; in 
diatoms, in most radiolarians, and in many sponges, of 
silica; in the bones of vertebrates, chiefly of carl^nate and 
phosphate of lime; in corals, echinoderms, molluscs and 
many other animals and some plants, of carbonate of lime; 
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in most plants, of woody or corky tissue: a larger or smaller 
amount of organic matter is always combined with the 
mineral. Of these substances, chitin is with difficulty dis¬ 
solved. Silica in its ordinary crystalline condition is one of 
the most stable of minerals, but when secreted by an <^nimal 
or plant it is glassy and isotropic (•’.«. singly refracting and 
without effect on polarised light), and is dissolved with 
comparative ease, so that such skeletons may be entirely 
removed by the action of percolating water. In organisms 
with calcareous skeletons the carbonate of lime is readily 
dissolved by water containing carbonic add, but the degree 
of solubility varies according to the condition in which the 
carbonate of hme is present. In some animals it occurs as 
aragonite, in others as calcite. Of these two minerals, 
ar^onite is the harder and heavier, its specifio gravity 
being 2*93, whilst that of calcite is only 2*72; aragonite 
crystallises in the rhombic system, caldte in the hexagonal. 
Fossil calcite shells (e.g. PecUn opercularii) are translucent, 
their surface is compact, but their interior porous; on the 
other hand the aragonite shells (e.g. Olycimeru glydmeris) 
are opaque, and have a chalky appearance but a compact 
structure throughout. If a shell of each kind be suspended 
in water containing carbonic acid, it will be found that the 
one composed of aragonite will lose, in the same time, a 
much greater proportion of its weight than the otiier. 
Further, the calcite shell remains firm longer than the 
aragonite, the latter being soon reduced to the consistency 
of kaolin or china-clay. This difference, however, does not 
appear to be due directly to mineral composition, for 
Cornish and Kendall found that when crystals of caldte 
and aragonite were powdered and placed in carbonic add 
solutions of the same strength, the aragonite was not acted 
on more rapidly than the caldte, and the same result was 
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obtained with powdered fossil shells. From all these con¬ 
siderations, it is not surprising to find that in some strata 
the aragonite skeletons have entirely disappeared, whereas 
those formed of oalcite remain. This will obviously be 
most likely to occur in pervious beds through which water 
containing carbon dioxide percolates. A striking instance 
of the difference in the solubility of calcite and aragomte 
was furnished by some specimens of the common edible 
muaeel, Mytilw edulU, in which the inner layer of the 
shell is formed of aragonite and the outer of calcite; Sorby 
found specimens in the raised beach at Hope s Nose, 
Torquay, which had lost the inner layer but not the outer. 
Similarly, in specimens of Spondylus from the Chalk, the 
innftr layer of the shell has been completely removed, but 
the outer is left. In some cases aragonite is replaced by 
calcite, but then the organic structure is entirely destroyed, 
and we get merely a mass of calcite crystals. Calcite is 
never replaced by aragonite. 

The mineral character of the skeleton of the chief cal- 
careous organisms is as follows: 

Foraminifera .—The vitreous forms consist of calcite, the 
poroellanous probably of aragonite. 

Porifera .—Calcareous sponges of calcite. 

AiUhozoa .—The Alcyonaria are of oalcite, except He- 
liopora, which is of aragonite; the Madreporaria are of 
aragonite. 

Echinoderma .—^AU of calcite. 

Polytoa .—Chiefly of calcite. 

Brachiopoda .—All of calcite. 

LameUibranchia .—^Many consist entirely of aragonite, 
but Anomia, Ostrea, and Pecten of calcite. In Pinna, 
Myiilus, Spcndylua, Vnio, and Triyonia, the inner layer is 
of aragonite, the outer of calcite. 
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Owteropoda .—^The majority are formed of aragonite, 
but Scalaria and some species of Fwiu are of calcite. In 
some (e.g. PateUa, lAiUrrina) the outer layer is calcite. 

Cephahpoda.—NautHiu, ^jpiruZo, and Sepia are mainly 
aragonite, as also were probably the Ammonites. Arpo- 
nauia and the guard of Belcmntfes are calcite. 

Crustacea. The shell consists of chitinous material usually 
cont ainin g calcite, and often some phosphate of lime. 

The condition in which fossils occur depends, as we have 
seen, on their original composition and on the material in 
which they are embedded. The chief types are the foUowing: 

1. The entire organism preserved. Occasionally the soft 
parts of the organism are preserved as well as the skeleton, 
the whole having suffered very little change. Instances of 
this are the woolly rhinoceros and mammoth found frozen in 
the mud and ice in Northern Siberia. Insects encased in fossil 
resin, known as amber, are found in the Oligocene beds on 
the Baltic shores of Prussia and in the Tertiary beds near 
Cromer, but it is only rarely that any of the soft parts are 
preserved. 

2. The skeleton preserved almost unchanged. Sometimes 
when the skeleton alone is preserved, it remains almost in 
its original condition, except that it has lost its organic 
matter. Thus the shells in the Pliocene bods of England 
differ from living ones only in being lighter, more porous and 
generally colourless. In some instances a certain amount 
of mineral matter, such as carbonate of lime, has been 
added to the skeleton, making it heavier and more compact. 

3. Carbonisation. In some plants, and in animals with 
chitinous skeletons, such as graptolites, the original material 
usually becomes carbonised. The organism undergoes de¬ 
composition and loses oxygen and nitrogen, the relative 
percentage of carbon ther^ore increasing. The changes are 
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similar to those which ocouired during the conversion of 
vegetabie matter into coal. 

4. A mould of the ikdeton. Sometimes the skeleton 
disappears entirely, a mould only remaining: this is espe* 
oially the case when it consisto of aragonite and is embedded 
in a porous stratum. After the shell of a mollusc has 
become oovered up with sediment, and the soft parts have 
been decomposed, the interior becomes filled with tiie same 
materiaL Water containing carbonic acid subsequently 
percolates through the rock and carries away the shell as 
bicarbonate of lune, so that there is left only a mould of 
the interior and of the exterior, the space between the two 
being that which was originally occupied by the shell and, 
if filled with wax, will give an exact model of it. Excellent 
examples of this mode of fossiUsation are seen in some 
molluscs from the Portland Oolite, e.g. ApiyxxMa and 
Trigonxa. Sometimes after the shell has been removed the 
space left becomes filled up with mineral matter carried in*^ 
by percolating water; this has the form of the original 
skeleton but obviously not its internal structure. 

The interior of the shells of Foraminifera may, soon after 
the death of tee animal, become filled with glauconite 
(silicate of iron and alumina); subsequently the shell itself 
often disappears, leaving only the internal cast. Glauconite 
occurs in this way in the various greensand strata, and 
also in some of the deep-sea deposits at the present day. 
Somewhat similarly the shells of sea-urchins occurring in 
the Chalk are sometimes filled with flint; in such cases the 
shell when buried did not become filled with Chalk, but 
remained empty until flint was deposited in it from per¬ 
colating water containing silica in solution. 

5. Ptlrifaciion. In some deposits the fossils show the 
minute structure as well the form of the organism, but 
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the original material of the skeleton has been replaced by 
another mineral. Thus we find fossU wood which shows 
the cells and vessels just as in existing teees, but in which 
the walls are formed of silica instead of cellulose. The 
change has gone on in such a manner that as each particle 
disappeared its place was taken by a particle of silica. The 
chief minerals which replace the original substance of 
organisms in this manner are: 

(i) Carbonate of lime; calcite sometimes replaces the 
sUica of sponges. 

(ii) Silica, as in the fossils from the Blaokdown Green¬ 
sand, and the Tfaanet Sands near Faversham; also in the 
wo^ of the Purbeck dirt-bed in the Isle of Portland. 

(iii) Iron pyrites; t.g. Ammonites from the Oxford Clay, 
Lias, etc., and some giaptoUtes. 

(iv) Oxide of iron, in the form of limonite in some fossUs 
from the Dogger (Inferior OoUte) of Yorkshire and the 
Lower Greensand of Potton, etc., and as hrematite in fossils 
from the Carboniferous Limestone of Cumberland. 

(v) In rare cases there are other replacing minerals, such 
as sulphate of lime, barytes, blende, galena, malachite, 
vivianite, and spathic iron. 

6. ImpnnU. The footprints of animals and the impres¬ 
sions of jelly-fishes are sometimes foimd in the rocks, and 
these, although forming no part of the animal itself, are 
nevertheless regarded as fossils. 


In endeavouring to discover the changes which have 
taken place on the earth in past geological times, the 
evidence fiuiuahed by fossils is of primary importance. 
Each great group of the stratified rocks, known as a system, 
is characterised by a particular assemblage of genera and 
species, some of which are confined to it and enable us to 


8 


INTBODTTCTION 


identify the system. In a aimilar manner, the smaller 
divisions—the series and stages—are each characterised by 
the presence of certain fossils, which do not occur above or 
below. Further, it is found that the fauna of the smallest 
division (stage or group of beds) is not of uniform character 
throughout; although there may be no change in the 
nature of the rock, some of the species and varieties which 
are abundant at one level will become rare or will disappear 
entirely in passing to higher or lower horizons. Conse¬ 
quently, a set of beds may be divided into belts or zones, 
the general aspect of the fauna of each zone being some¬ 
what different from that of the others, but between these 
divisions there will be no break either physical or palseonto- 
logical. If then we have determined the order of succession 
of the formations in any one area by means of their relative 
positions, the newer resting on the older, it is fairly easy in 
any other district, merely by examining the fossils, to refer 
any set of beds to its proper position in the geological 
record. But although this law of the identification of strata 
by the fossils which they contain is of great value, it must 
not be applied without some caution, for even if two forma¬ 
tions were deposited at exactly the same time, it does 
not necessarily follow that all the genera and species foimd 
in the two will be idenUcal. Thus for instance in the seas 
at the present day the same forms of life do not occur in 
all parts; animals which live in water of moderate depth 
are distributed in provinces which depend largely on 
climatic conditions, each province possessing some forms 
peculiar to itself. The organisms now being entombed in 
deposits formed, say, ofi the British coasts, will as a whole 
be different from those off the Canary Islands; but still, 
some of the species and many of the genera will be common 
to both areas, and would enable us to identify the two 
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deposita as having been formed wit hin the same general 
period, though perhaps not to prove them absolutely syn¬ 
chronous. Then again there is a distribution of oiganisms 
according to the depth of the sea, and the nature of the 
sea-bottom; so that the fauna of a deep-water formation 
will necessarily be different irom that of a shallow-water 
one, and that of a sandy deposit different from that of a 
mud. But in addition to the aniTnalfl living on the sea- 
bottom there are others which live near the surface of the 
ocean, far from land; such pdagic forms have a wider 
geographical range than those which live on the sea-floor 
in shallow water, and are consequently of great value in 
determining, as of the same age, deposits found in widely- 
separated localities. 

In addition to their chronological value, fossils are also 
important in indicating the conditions under which the 
formations were deposited. In the case of the later beds, 
where most of the fossils belong to genera which are still 
existing, it is easy to distinguish a marine de 3 >osit from one 
formed in freshwater or on land. Bven in the rocks of 
earlier periods, in which most of the genera are extinct, 
we may recognise a marine deposit by the presence of such 
animals as radiolarians, corals, echinoderms, brachiopods, 
pteropods, cephalopods, or cirripeds, which at the present 
day are found only in the sea. 

The depth of the sea in which a formation was deposited 
can be estimated when the fossils belong to living species; 
when the species are extinct some idea may be formed if 
the genera to which they belong are found chiefly at some 
particular depth at the present day. In attempting such 
determinations it must be remembered that the sea-bottom 
down to a depth of nearly 50 fathoms may be disturbed by 
the action of waves and currents in the sea; consequently 
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the animale living on the bottom in ahallow water are 
liable to be carried from Uieir original home to higher or 
lower levels. One of the surest indications that a formation 
was laid down in shallow water and not far from land is 
furnished by the association of the fossil remains of land 
animals and plants with marine species; another, by the 
presence of molluscs such as Pholas, Saxicava and Litho- 
phaga, which bore into rocks, and at the present day are 
found only in shallow water. The proximity of a shore'line 
is also indicated when the assemblage of fossil forms re¬ 
sembles in general character the faunas which live in littoral 
regions at the present day. When evidence of the existence 
of a 8hore>line is found it is obviously possible to gain some 
idea of the distribution of land and sea in past times. 

The nature of the climates of past ages may be judged 
to some extent by the character of the fossils; the evidence 
furnished by land-plants is particularly valuable, since 
their distribution is determined largely by temperature 
uid is better marked than in the case of marine animals. 
As far as the latter are concerned it is only when we are 
dealing with modem species that we can, as a rule, speak 
with any degree of certainty on this subject; this is owing 
to the fact that at the present day the individual species 
of the same genus have often a very different distiibution, 
some being found in warm, others in cold, regions. Even 
when all the fossils in a formation belong to extinct species, 
the assemblage of genera is sometimes such as nuu'ks some 
r^on at the present day; thus, for example, in the London 
Clay we find that many of the genera of molluscs are now 
characteristic of tropical or sub-tropical seas. 

The study of fossil animals and plants is of the highest 
importance to the biologist, not only because they include 
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the anoestors of modem species, but because amox^ fossil 
fonns we find many groups {t.g. Graptolites, Cystids, Blas- 
toids, Trilobites, Eurypterids), which are altogether extinct, 
and which often throw light on the relationship of existing 
animals and plants. Others {t.g. Crinoids, Brachiopods, 
Nautiloids) are represented at the present day by few 
forms only, but were, in past ages, very abundant; con¬ 
sequently no adequate knowledge of such groups of A.nima.la 
can be obtained from the study of living examples only. 
In some cases the ancient forms serve to connect groups 
which, at the present day, appear to be quite distinct; 
thus, for example, the earliest Imown bird {Ar^uecpteryXf 
from the Solenhofen Limestone, Upper Jurassic) shows, in 
several important characters, affinities to the Reptiles. 

From the point of view of the biologist, the greatest 
interest in Palesontology is found in the bearing it hsis on 
the subject of evolution: it is only by a study of the strati- 
graphical succession of fossil forms that the race-history 
or phylogeny of animals and plants can be traced with 
certainty; but in attempting such investigations a great 
difficulty is presented by the imperfection of the record of the 
life of past ^es, since only a very small proportion of the 
animals and plants has been preserved, and often in an im¬ 
perfect manner. We have already seen several reasons why 
this record must be imperfect; some animals are without 
bard parts, while others, par^cularly land animals, fre¬ 
quently do not become covered up with sediment. Further, 
the remains of animals which were originally present in 
the rocks have been, in some cases, dissolved by percolating 
water, or to a great extent obliterated by the meta¬ 
morphism which the rock has undergone. Then again the 
record of life is incomplete because of the breaks in the 
succession of the stratified rooks; these breaks have been 
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caused sometimes by denudation haring removed a great 
thickness of rocks, in other cases by a temporary absence 
of deposition. Even when there is no break in the suc¬ 
cession due to these causes a further difficulty in tracing 
out phylogeny may be introduced by changes taking place 
in the physical conditions during the deposition of a series 
of beds; thus there may have been alterations in the depth 
of the sea, in the nature of the sediment on the floor, or in 
the temperature of the water; in each csise the physical 
change would react on the fauna tending to cause the 
animals living on the sea-floor to migrate to other regions 
where conditions favourable to their mode of life could be 
found. When such migrations occurred the descendants of 
the animals which lived when one stratum was deposited 
would not be found fossil in the overlying beds of the 
same area. 

Notwithstanding this imperfection of the record and 
the effects of changing physical conditions, many groups 
of animals are found to undergo gradual modification when 
traced through series of strata or formations, for example, 
in the Pliocene deposits of Slavonia there are numerous 
shells of pond-snails (Viviparus or Paltidiria); and speci¬ 
mens found at the top and bottom of the formation, and 
also at certain intervening levels, differ so much from one 
another that they appear to belong to distinct species. 
When, however, examples are collected from all the beds 
of the formation, the apparently distinct species are seen to 
be connected by intermediate forms, and a series, showing 
a gradual passage from the species found in the lowest bed 
to that in the Wghest, can be obtained. Similarly in the 
Englwh Chalk, during the deposition of which the physical 
conditions continued more nearly uniform than in most 
other formations, it is foimd that the sea-urchins, starfishes. 
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etc. undergo slow and gradual changes in various characters 
when traced from lower to higher horizons. 

In several groups of Tertiary Mammalia there is also evi¬ 
dence of gradual modification in structure; thus the earliest 
known forerunner of the horse, found in the Eocene beds, 
possessed five toes, and was succeeded in later by 

forms with successively fewer toes, until in the Pliooene, 
the existing type of horse, with only one toe and splint- 
bones, appeared; other gradual changes also occurred in the 
character of the teeth, etc. 

In attempting to work out phylogeny, in addition to the 
stratigraphical method just described, the method of com¬ 
parative anatomy and often the method of ontogeny (or 
development of the individual) can be used in the case of 
fossils. In the course of the development and growth of 
an animal, various stages, which often present resemblances 
to the adults of other animals, are passed through. The ‘ re¬ 
capitulation theory ’ supposes that the changes seen during 
the development of the individual (ontogeny) are, in a 
general way, a rapid but often incomplete repetition of 
those which occurred in its race-history (phylogeny). Palae¬ 
ontology has, in some cases, given support to this view, by 
showing that successive stages, similar to those passed 
through in the development of an animal, also occurred in 
the history of its race, as seen in the geological record. 

On the whole the evidence of Palaeontology favours the 
view that evolution proceeded by slow and gradual modifi¬ 
cations; but there were also times, especially in the early 
history of various groups, when evolutionary changes went 
on more rapidly. There is also evidence indicating that 
evolution was orthogenetic —that the evolutionary changes 
in any one group of animalfl proceeded in definite directions 
for considerable periods of time; and further, that allied 
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groups, descended from the same ancestral stock, have 
passed through similar or parallel stages in their evolution 
quite independently of one another and of external condi¬ 
tions, suggesting that the lines of evolution in the various 
groups were determined by something Inherited from the 
common ancestor. Examples of this are seen in the Chalk 
starfishes, in the mode of branching of graptolites (p. 69), in 
the development of horns in different evolutionary series of 
Titanotheres, and in the evolutionary history of various 
other groups of Tertiary mammals. 

In a natural classification of animals an attempt is made 
to place t<^ther in the same group those forms which 
are oonnected by descent; such a classification, if perfect, 
would be of the nature of a genealogical tree. Each main 
division is termed a Phylum and includes animals built 
on the same fundamental plan and believed to have de¬ 
scended from one ancestral stock. Each Phylum is divided 
and subdivided into smaller and smaller groups, known as 
Classes, Orders, Families, Genera, and Species. A species 
includes a group of individuals very closely related to one 
another, which have descended'from the same ancestors and 
can give rise to offspring which are fertile among them¬ 
selves; such individuals usually differ from one another to 
only about the same degree that offspring of the same 
pEuents may differ. One species is generally distinguished 
from another by such characters as ornamentation, shape, 
relative proportion of psjrts, and size, fri some species one 
or more groups termed mrieties may be recognised, and are 
distinguished from the other forms included in the species 
by some alight, but fairly well-marked and constant modi¬ 
fication. Varieties are frequently connected with the special 
physical or biological conditions under which they are 
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living. The varieties in some species pass into one another 
by mtermediate forms; but others appear to be fairly dis- 
and may be regarded as incipient species. 

Sometimes two groups of individuals resemble each other 
so closely that they might be regarded as belonging to the 
same genus or even to the same species, but they have 
descended from different ancestors since they are found to 
differ in development (ontogeny) or in their pabeontological 
history; this phenomenon, of forms belonging to different 
stocks approaching one another in character, is known as 
or heitrogenetic homctomorphy, and mav occur 
cither at the same geological period or at widely separated 
intervals. Thus the form of oyster known as Gryphcea 
has originated independently from oysters of the ordinary 
type in the Lias, in the Oolites, and again in the Chalk; 
these forms found at different horizons closely resemble one 
another and have usually been regarded as belonging to 
one genus [Gryphaa), but they have no direct genetic con¬ 
nection wiUi one another. Similarly in various species of 
Terebratulids a double fold or biplication has arisen in the 
front part of the shell, thus giving considerable resemblance 
to different species which are not closely related to one 
another. Then again sutures sirmlar to those of Ceratiies. 
from the Trias are developed in some Chalk Ammonites 
which have no genetic connection with Ceraiites. 

Also, animals belonging to quite distinct groups may, 
when living under similar conditions, come to resemble one 
another owing to the development of adaptive modifications, 
though they do not really approach one another in essen¬ 
tial characters; thus analogous or parallel modifications 
may occur in independent groups—such are the resem¬ 
blances between flying reptiles (Omithosaurs) and birds, 
and between sharks, ichthyosaurs and dolphins. 
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Clasus OrtUrt 

n. Foraminifan 

1. Gymnomyxa.J g. RadioUkria 

(Sarcodlna) Others not found fossil 

2. Flagellate or Mastigoj^ra 

3. Infusoria (not foasil) 

4. Sporozoa (xu>t fossil) 


The Protozoft include the lowest forms of animals, such as 
Amceba, Vorttcdla, and Olobigerina. The body is usually 
very small, and consists in many cases of one cell only, in 
others of more than one, but the cells never form tissues as 
they do in all other animals. A cell consists of proioplasm 
—a viscid or semi-fluid living substance containing granules; 
in the centoe of the cell is a denser, usually spherical body 
called the nuclei —sometimes more than one is present. 

In some Protozoa (the Oymnomyxo) the protoplasm is 
naked, and consists of an inner granular mass and a thin, 
clear, outer layer; such forms are further oharacterisod by 
having no definite shape, by being able to take in food at 
any part of the body, amd by possessing the power of 
throwing out lobes or filaments of protoplasm known as 
pteudopodia. In others (tiie FlageilcUa and Infusoria) the 
protoplasm is surrounded by a firm membrane or cuticle 
which gives the animal a definite form; the food is generally 
taken in at one permanent aperture, and pseudopodia are 
seldom present, but the surface is provided with cUia or 
flagella, which are fine threads of protoplasm having a 
definite form and a rhythmic movement. 

Reproduction in the Protozoa takes place usually by 
fission {i.e. division into two parts) and sometimes by the 
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formation of spores. In some cases conjugation of two 
more individuals occurs, representing to some extent 
reproduction. In some of the Protozoa there is no e e 
but in others a shell is formed. 

The Protozoa can be divided into four main grou^. 
(1) the Gymnomyxa, (2) the Flagellata, (3) the In^soria, 
(4) the Sporozoa; no examples of the last two divisions 
have been definitely recognised in the fossil state. 


CLASS I. GYMNOMYXA (SARCODINA) 

The members of this group possess no external membrane 
(cutdole), and are able to throw out pseudopodia, by means 
of which movement takes place and food is obtained. 

The Gymnomyxa or Saroodma are divided into severs 
orders, of which only two have been found fossil, name y, 
the Foraminifera and the Radiolana. 

ORDER I. FORAMINIFERA 

The Foraminifera are characterised by their thread-Uko 
peeudopodia, which frequently branch and anastomose; an 
by possessing in most oases a shell or test, which may 
calcareous, arenaceous, chitinous, eUiceous, or gelatinous.^ 
The calcareous forms are by far the commonest, and in 
these, two kinds of shell may be distinguished, namely, the 
viireotis or perfoTCtU and the porceUonous or imper/orofe. In 
the vitreous, the shell often has a glassy appearance, and 
is perforated by innumerable tubes for the passage of the 
pseudopodia; in some forms (e.p. .fiotolw) these tubes are 
of an inch in diameter, but in others (e.g. Opereulirut) 
only ttutt inch. In the porcellanous forma the shell, 
when viewed by reflected light, is opaque and white, having 
the appearance of porcelain; it is not perforated by tubes. 
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but possesses one or two bu^e apertures through which most 
of the pseudopodia pass out—some, however, are given off 
from the layer of protoplasm which covers the surface of the 
shell. In these poroellanous Foraminifera the shell is some* 
times pitted, producing at first sight the appearance of 
perforation. 

I In the arenaceous forms the shell consists of foreign 

particles joined together by a oement. The particles are 

^ usually grains of sand (commonly quartz), but sometimes 

sponge^spicules, or the shells of other Foraminifera. The 
cement may be formed of chitinous, calcareous, or ferru¬ 
ginous material. The shell is often imperforate. 

The chitinous forms (e.^. Oromia) do not occur as fossils. 

The shell of the Foraminifera varies considerably in 
form and structure; in some genera it consists of a single 
chamber, when it is said to be \inilocular, as in Lagena 
(fig. 3 F) which is generally flask-shaped. In other cases 
it consists of several chambers communicating with one 
another, either by perforations in the walls (septa) be¬ 
tween them, or by larger openings. In these mt^iiocular 
forms the shell grows by the addition of a new chamber 
at the end of the one last formed; this takes place by the 
protrusion, through the aperture or mouth of the shell, of 
a mass of protoplasm, at the surface of which the wall of 
a new chamber is formed either by the secretion of material 
or by cementing of foreign particles. The arrangement of 
the chambers in the multilocular Foraminifera is very 
varied; they may be placed in a straight line as in Nodo- 
saria (fig. 3 H), in a curved line as in Dtnialina, in a plane 
spiral as in CrieUUaria (fig. 3 G), or in a helicoid spiral as 
in BoUUia (fig. 3 L, H). The earlier whorls in some spiral 
forms are partly or entirely covered by the later ones, so 
that sometimes the last whorl only is visible on the exterior 
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(e.g. CrisUUanay, but when the later chambera are 
attached to the extremities of the earlier ones, all the 
whorU can be seen {t.g. OperaUina). Some genera su^ 
as Texiularia (fig. 3 E), have two rows of chambers plaoea 
side by side; others {Tritaxia) have three. In some cases 
{e.g. OrbitoliUs) there are numerous chambera arranged in 
concentric rings instead of in a spiral. 


A 


B 



Pia. 1. A, •ection of % foramlnlfer in which each eeptom is formed of a 
siiule Umell*. B, in which the septum is formed of two l^eU». o, 
as^ between the cbemben; t, septum; c, anterior wall of last chamber, 
d, supplemental skeleton. (After Carpenter.) 


In the porcellanouB and the simpler vitreous Forami* 
nifera each septum (fig. 1 A, b) consists of a single lamella 
which is really the front wall of the preceding chamber i 
but in the higher vitreous forms each septum (fig. 1 B, 6) 
is formed of two lamellse, owing to the fact that when a 
new chamber is added to the shell a new wall is secreted 
next to the front wall of the last chamber. The shell of 
the vitreous Foraminifera is at first thin, but may after¬ 
wards increase in thickness by the addition of material at 
the surface; in the higher vitreous forms the outer layers 
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constitute what is known as the suppUmenUd skeleton 
(fig. 1 B, 6), which is traversed by numerous canals con* 
nected with canals in the septa and other parts. 

A considerable number of the Foraminifera, especially 
the higher forms, are dimorphic —that is to say, there are 
two forms of the same speciee. This fact was first noticed 
in specimens of Nummulites from the Eocene deposits. In 
one form, the first or initial chamber, which is seen at the 



Fig. 2. Dunorphiim of NummulUes larriffotut, BnoklMham B«di (Eooene), 
SoLm*. a, MCtaoD of the entire shell of the megsloepherio form, k d. 
B, section of the central pert of the microspherie form, x 0. 


centre when the shell is split, is large and more or less 
spherical and is called the megcUoephere (fig. 2 A); in the 
other it is much smaller and is known as the mi^o^here 
(fig. 2 B). These two forms are found associated together 
and were, at one time, described as different species. In 
the microspherie type the shell commonly, but not always, 
grows to a larger size than in the megalospberic type, and 
individuals of the former are much less numerous thmi of 
the latter; in other respects the two are similar. The 
relationship of the microspherie and megalospberic shells 
has been elucidated by a study of the life-history of 
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Polystomdla and other living Foraminifera. When reproduc¬ 
tion takes place in the microspheric form all the protoplasm 
passes out of the shell and divides into spherical masses, 
each of which secretes a shell and develops into a m^a- 
lospherio individual. In the reproduction of the megalo- 
spheric form the protoplasm divides into small rounded 
portions which pass out pf the shell as moving spores— 
zoospores; it is believed that two zoospores from different 
individuals conjugate and give rise to a microspheric indi¬ 
vidual. There are, therefore, two modes of reproduction— 
one asexual, the other apparently sexual, which alternate. 

For convenience of referenoe the Foraminifera may be 
divided into three groups, the characters of which are 
based on the structure and composition of the shell; but 
this cannot be regarded as a natural classifioation since it 
sometimes separates allied forms, and also in some types 
which are usually calcareous we occasionally meet with 
species in which the shell consists largely of sandy material. 

I. Porc€llanou$ Forma 

Shell calcareous, porcellanoue, not perforated by canals, but 
provided with one or two large apertures through which the 
pseudopodia pass out. 

MUlola (fig. 3 A—'D). Shell multilooular, the early chambers 
spiral, the later chambers coiled on an elongated axis, each 
chamber forming half a convolution. In some oases all the 
chambers are visible externally on both aides of the shell 
(fig. 3 D); in others, owing to the lateral prolongations of the 
chambers, only the last one or two are seen (fig. 3 A—C); or 
it may be that more chambers are shown on one side thw on 
the other. The external features of the shell consequently vary 
considerably, and on account of this and changes in the plane 
of coiling, the forms included under the term MUiola are now 
r^arded as constituting a number of distinct genera to which 




Fig. 8. Fonminifen (recent). A, B, Pyr^ murrkina. B, eection. 
C, Qvinqu^oculina ttniinula. I>, Spircloculina limba^a. E. Ttxivtario 
barreitt. F, Lagena tvlcata. 0, CriM^aria rolultUa. H, Nodotaria radicvJa. 
I, K, Olcbigenna buUoidti. h, M, RoUdia heccan. (Aaer Bmdr.) All 
enlniged. 
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the following names have been given: Pyrgo, Fabulariat Spirocu- 
Una, MiUola, Quinqueloculina, etc. Carboniferoxis to present 
day. Ex. Qutn^ue^octdtna «eminu2a, Eocene to present day; 
Pyrgo ringen*. Eocene to present day; SpirolaettUna pUmnlata, 
London Clay to present day. 

OrbltoUtes. Shell discoidal, generally rather large, com¬ 
posed of either a small spiral part at the centre, or of one or 
more large central chambers, around which are many concentric 
rings divided into numerous chambers by radially arranged 
septa; the chambers of adjacent rings communicate by radial 
openings, and at the external margin of the last ring are pores 
opening to the exterior. Above and below this layer of chambers 
there may be other layers of smaller chambers arranged con- 
oentrically. Eocene. Ex. 0. complanata. 

Aiveollna. Shell fxisiform or elliptical, sometimes nearly 
globular, composed of many whorls coiled around the long axis 
of the shell; each whorl completely covers the one preceding 
it, and is divided into long chambers by septa parallel with the 
axis of the shell; these are divided into smaller chambers by 
partitions at right angles to the septa. One row of perforations 
in the septa. Cretaceous, but chiefly Eocene. Ex. A. beset, 
Eocene. Sub-genus Alveoline^Ua, with several rows of perfora¬ 
tions in the septa, and chambers further divided. Late Tertiary 
and Recent. Ex. A. quoyi. 

n. Arenaceou* Forme 

Shell composed of grains of sand or other particles cementef*! 
together by chitinouB, calcareous, or ferruginous material. 
Young stages sometimes calcareous. 

Saccammlna. Shell usually free, compact, formed of a 
single spherical, pyriform, or fusiform chamber with a projecting 
aperture at one or both ends, or of a number of chambers 
united end to end. Surface smooth or nearly smooth. Recent. 
Ex. 8. ipharica. Saccaiwninopeis is similar in form, but 
apparently with a thin calcareous test. Ordovician and Silurian. 
Ex. S. /tttulini/ormit (= corteri), Carboniferous. 

Lltuola. Shell free, composed of coarse grains, plani-spiral in 
the young, later stages uncoiled, straight. Septa labyrinthine. 
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Aperture ai^le in early etagea. later aieve-like. Carboniferoue 
to present day. Ex. L. nautHoidM, Chalk. 

Orbltollna. Shell partly sandy; conical or flattened, with 
convex i^per, and usually concave lower surface; oonsistinir 
of cen^l compr^ chambers surrounded by concentric rinm 
ohanibers. Cretaceous. Ex. O. ooncava. Upper 


Endo^yra. Shell free, largely calcareous; spiral, nautiloid, 
or rotaliform; chambers numerous, compoeed of an outer cal- 
oareous, perforated layer, and an imier compact layer formed 
of smaU gr^ cemented together. Aperture simple, at the 
^er margin of the last chamber. Carboniferous to Trias. 
Ex. E. bowmani. Carboniferous limestone. 

Textularla (fig. 8 E). Shell arenaceous (in the young it is 
vitreous and perforate); conical, pyriform, or cuneiform; com¬ 
posed of mmerous chambers in two alternating parallel series. 
Aperture slit-like on the inner edge of the last chamber. Car- 
bomferous to present day. Ex. T. globulosa. Chalk. 


Ill, Vitreous Forms 

Shell of caloite, vitreous, perforated by numerous minute 
canals for the passage of the pseudopodia. 

Lagena (fig. 3 F). Shell unilocular, very finely perforated. 
Form globw, ovate, or flask-shaped. A single terminal aper¬ 
ture, sometimee at the end of a long neck; rarely two aperturee. 
Surface smooth, ribbed, striated, or spinous. Upper Cambrian 
to present day. Ex. L, Hriata, London Clay to present day; 
L. sulcata, Cretaceous to present day. 

Nodosarfa (fig. 3 H). Shell compoeed of a number of 
chambers which cue circular in transverse section, arranged in 
a straight line, and separated by constriotions. Aperture at the 
apex of the last chamber. Surface smooth or ornamented with 
granules, spines, or ribs. Silurian to present day. Ex. .V. zippet. 
Gault and Chalk. 

Crlstellaiia (fig. 3 Q). Shell compressed, lenticular or elon¬ 
gate, multilocular, coiled in part or entirely in a plane spiral; 
each coil usually covers the one preceding it. Upper Cambrian 
to present day. Ex. C. rotulata, Chalk to present day. 
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Globigertaa (fig. 31, K). SheU perforated by Iwge can^e; 
ohambera globular, few, arranged in a helicoid spiral (trochoid), 
each chamber opening by a large aperture into the central 
cavity of the spire. No supplemental skeleton. Pelagic forms 
usuaUy with spines. Cretaceous to pieeent day. Ex. (?. crsioceo, 

Chalk. . , , .. < 

Orbullna. A single spherical chamber, with perforations of 

two siies; with smaller chambers (similar to a fffoWjeniwi) 
inaide the large spherical one. Lias to present day. Ex. O. urn- 
verso, Cretaceous to present day. 

Retails (fig. 3 L. M). Test very finely perforated, multi- 
locular. The chambers arranged in a helicoid spiral, so that on 
the upper surface all the whorls are seen, on the lower only the 
last one. The aperture U in the form of a curved slit on the lower 
surface of the last chamber. The septa are perforated and 
usually formed of two layers with canals between the layers. 
A supplemental skeleton is often present. Lower Cretaceous to 
present day. Ex. R. beceori, Miocene to present day. 

Calcarins. Teat lenticular, spiral, with only the last whorl 
visible on the base. Supplemental skeleton greatly developed, 
traversed by numerous canals, and projecting as long spines 
from the margin. Chalk to present day. Ex. 0. caicitrapoules, 

Chalk. , . , 

Pusullna. Shell fusiform, composed of elongated Y. .j 
each whorl completely coveis the preceding one, and is divid^ 
by septa into a number of chambers, which may be again 
divided into smaller chambers. Adjoining chambers oomrouni- 
oate by a slit at the middle of the base of each septum, ^pta 
folded, each consisting of a single layer. Aperture in the form 
of a fissure. Carboniferous. Ex. F. exflindrica. Carboniferous 


Limestone. 

Ampbiategina. Shell lenticular, with sharp edge; the upper 
and lower surfacee unequally convex; formed of numerous 
chambers coded in a plane spiral, each oofi completely enoloemg 
the preceding one on one side and partly on the other. Septa 
formed of a single layer. Supplemental skeleton at the centre 
of the shell. Aperture similar to that of Rotalia. Eocene to 
present day. Ex. A. Ttetutri, Miocene. 

Nummulites (figs. 2, 4). Shell lenticular in form, and com- 
poeed of a large number of whorls coiled in a plane spiral. 
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TJsuAlIy each whorl completely covers the preceding one by 
means of the lateral prolongations of the chambers, so that 
externally only the last whorl of the shell is visible. The whorls 
are divided into chambers (e) by septa (6) which are sUghtly 
curved backwards; each chamber communicates with the neigh* 
bouring one by means of a median fissure at the inner margin 
of the septum. Each septum is formed by two imperforate 
lamelle between which are irregular spaces. A supplemental 
skeleton is present, part of it forming what has been termed 


Fig. 4. NummuliUi, showing vertical and horizontal sectknw. a, rosrgmal 
cord with canals (supplemental skeleton); b, septum, with caoab; e, 
chamben; d, test; c, pUlais of the aupiiAement^ skeleton. (After Zitlel.) 
Enlarged. 


the‘marginal cord' (a). The general shell-substanoe is minutely 
perforated, and a system of canals traverses the septa and 
supplemental skeleton. Aperture in the form of a slit at the 
inner margin of the last chamber. The shell splits readily into 
two similar parts along the median plane, owing to the relatively 
large size of the parte of the ehaml^rs oociuring there. Eocene 
and Oligocene; maximum development in the Middle Eocene. 
In the English Eocene the genus is found in the Barton and 
Brackleaham Beds. Ex. N. lcwiffa(u», Bracklesham Beda 
Operculina. Similar to Nummuliut, but whorls fewer and 
rapidly enlarging, all visible externally; each of the earlier 
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whorls partly encloses the preceding one. Upper Cretaceous to 
present day. Ex. 0. complanata, Miocene. 

Lepldocycllna. Test lentioxilar, circular or stellate, flat to 
inflated, minutely perforated. In the microspheric form the 
early chambers show a spiral arrangement; in the megalospheric 
form the early part consists of chambers which are variable 
in number and size. The early part is followed by a median 
layer of chambers arranged in concentric rings, usually alter* 
nattng with the chambers of adjacent rings, and with rhombic, 
diamond’Shaped, hexagonal or other outline; the chambers 
commumcate with those of the same and adjMent rings by 
apertures. Above and below the median layer are numerous 
layers of smaller chambers, flattened and irregular in form, 
placed one above the other and arranged more or less con* 
oentrically. Eocene to Miocene. Ex. L. marUelli, Oligooene. 

DiMrUmtion of the Foraminifera 

The majority of the Foraminifera are marine, most of 
them living on the sea-bottom. A few, however, as for 
instanoo Olobigerina, exist at or near the surface in the 
open ocean, and these are very important on account of 
their abundance, especially in warm seas. The distribution 
of the pelagic Foraminifera in the open ocean, as well as 
those which live on the sea-floor in shaUow water, is in¬ 
fluenced largely by temperature; the former are more 
numerous in warm regions and in warm ocean-currents 
than in colder water, whilst the species of the latter often 
have their range determined by temperature and depth. 

The Foraminifera found in the Palaeozoic deposits are 
mainly vitreous and arenaceous forms. They appear first 
in the Upper Cambrian, but are comparatively rare until 
the Carboniferous, in which some beds are formed largely 
of their shells, as for instance, the Saccammina limestone 
of the north of England and Scotland, the Endothyra-]ime- 
stone of North America, and the Fu^/tna-limostone of 
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Kussia, China, Japan and North America. The Foraml- 
nifera are mostly of small size in the Permian of England; 
they are wmparatively rare in the Trias, but become 
abundant in the Jurassic, where, however, rock>building 
t 3 rpe 8 are generally absent. In the Lias the introduction 
of numerous vitreous species {Nodosaria, Cristdlaria, etc.), 
many of which appear to be allied to forms now living in 
tropical or warm-temperate regions only, is noteworthy; 
some poroellanous forms belonging to the Miliola group 
are also fairly common. A larger number of genera and 
species are found in the Middle and Upper Jurassic than 
in the Lias. 

The Order continues to be well represented in the Cre¬ 
taceous formations, particularly in the Gault and Chalk— 
Orbitdlina, ColfMrina, OMtigerina, JRokUia, etc. being oom- 
mon. Some beds of the Chalk, especially the Micnuter zones 
and the Chalk Rock, are largely composed of Foraminifora 
such as QlobigeriTMj Texiularia, Bolivina, Flahellina. 

The Foraminifera attain their greatest development in 
Tertiary and recent times. In the Eocene deposits Num- 
mulitea is often extremely abundant and of large size, 
forming the greater part of the massive Nummulitio Lime¬ 
stone of Southern Europe, Egypt, Asia Minor, and the 
Himalayas; Miliola, Orbitolitea, Alvedina, Operculina, and 
Lepidocyclina are also important rock-building forms in the 
Eocene period. In the English Eocene, Foraminifera are 
numerous in the Thanet Sands and the London Clay; in 
the Barton and Brackleaham Beds NummuliUa, QuiTtque- 
loculina, Alvediria, etc. occur. In the Oligocene Nttmmvlttes 
and Lapidocydina are still present. Amphistagina is abun¬ 
dant in the Miocene. A large number of forms occur in the 
Pliocene deposits of East Anglia and of St Erth in Cornwall. 
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ORDER n. RADIOLARIA 

In th6 Radiolaria the body consiste of a central mase of 
protoplasm, enclosed in a membrane known as the cerUral 
capavle (fig. 6,2). The intracapsnlar protoplasm contains 
one OP more nuclei, and is continuous, through pores in the 
capsule, with a layer of protoplasm outside the capsule; 
this layer gives off thread-like pseudopodia, which ooca- 



Fl«. 5. Htlic 0 i)Jueraiiurmu. xZSO. Recent- <Aftef BflUchli.) 1, Jele- 
ton; 2, central capmile; 8. nudeua. Pwiidcpodia project from the eurface. 


sionally unite. A skeleton (fig. 6, l) is generally present and 
is usuaUy composed of siUca; but in one group of Radiolana 
it consists of a substance which was formerly regarded as 
horny in nature and termed aoanthin, but is now believed 
to consist of strontium sulph. te. The skeleton shows ^at 
diversity of form and complexity (fig. 6); it may be entirely 
outside the central capsule or partly within, and oon^ts 
either of isolated spicules, or of a lattice-like or reticulate 
structure of varying shape, frequently with projecting spines. 
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The Kadiolaria are all marine mid mainly pelagic; the 
majority live between the surface and a depth of 200 
faUioms, but a few forms occur in much deeper water. They 
have a very wide geographical distribution, being fo\ind in 
all climates, but show the greatest variety of forms in the 
seas between the tropics; they are also abundant in indi¬ 
viduals in the Arctic seas, but the variety of forms is 



ABC 

Pig. 6. Fo«il lUdioI&ria. A. Lithocampt Uekemytchewi, Doronian. 
B, TroeJiodUcvn longispiniu. Carboniferous. 0. Podocyrtis tehemburghi, 
Barbadoe Earth (Tertiary). All largely magniH^. 

relatively small. In some of the deeper parts of the Padlio 
and Indian Oceans the empty shells of these animals settle 
and accumulate on the sea-bottom, forming a siliceous 
deposit known as ‘Radiolarian ooze*. Only ^ose Radiolaria 
in which the shell consists of silica are preserved as fossils. 

Cayeux has described as Radiolaria some bodies found in 
the Pre-Cambrian rocks of Brittany; they are much smaller 
than later forms of the group, and are thought by some 
authors to be simply inorganic aggregations. Imperfectly 
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preserved Radiolaria have been recorded from the Cambrian 
of Thuringia. 

In Britain the earliest examples of the Radiolaria occur 
in Hie Ordovician rooks of the South of Scotland, where 
they form beds of chert; others, which are perhaps of nearly 
the same age, have been found in a chert from Mullion 
Island (off the west coast of the Lizard). A few specimens 
have been noticed in the Carboniferous limestone of Flint¬ 
shire; whilst in the Carboniferous Limestone of South 
Wales and in the lower Culm of Devon and Cornwall 
these organisms contribute largely to the formation of thick 
beds of siliceous rock (cherts, etc.)“—eome, at any rate, 
of these deposits appear to have been formed in shallow 
water. At several localities on the continent Radiolaria 
are fairly common in the Mesozoic formations, but in 
England only a few have been recorded from the Lias, the 
Lower Greensand, the Upper Greensand, the Cambridge 
Greensand, and the Chalk. In the Tertiary some have 
been obtained from the London Clay of Sheppey. A very 
important Radiolarian formation of late Tertiary age covers 
large areas in the Island of Barbados, and is known as the 
'Barbados Earth*; it resembles very closely the modern 
Radiolarian ooze mentioned above, and is probably a deep- 
sea deposit. 
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Ordtrt 

1- MyzMpoDgid* 

2. CMtOM 
9- MoQAzoiudA 
■ 4 . TcimzoiudA 

5. litbictida 

6. Oct4otinellidA 
,7. HetenctiDellida 

Sponges vary greatiy in form, size, and complexity of 
structure. A simple type is similar to a vase or hollow sac, 
fixed by the lower end, and with an opening or oaadum at 
the upper extremity. The waU of such a sponge is thin, 
and perforated by a large number of poreo through which 
water flows into the central or g<utral cavity and 
out by the osculum; by this means the sponge is provided 
with food and oxygen and gets rid of waste matters. The 
wall of the sponge consists of two layers—an outer or 
dermal and an inner or gaeiral\ the dermal (fig. 7 , 2 ) is 
formed of a surface layer of flattened cells, with a gelatinous 
layer beneath containing various cells, some of which secrete 
the elements of the skeleton. The gastral layer (fig. 7, 3 ) 
consists of a single layer of cells, each cell being provided 
with a coUar-like projection, in the centre of which is a 
long flagellum; the circulation of water through the sponge 
is produced by the movements of these flagella. 

A simple form like that just described is found in the young 
stages of many sponges which afterwards, in their adult 
condition, are much more complex. Owing to the growth of 
the sponge-wall being unequal in different parte, either folds 

WP 


Cla4H$ 

1. Hoxactinellida 


2. Deiaospoogia... 


3. Ohloarea 


3 



1 



Fig. 7. VerticaJ •ection through LtwotoUnia, ft c|ilcftm>u« npongc. 
Highly magnified. (From Minchin.) 1. tieve-Uke membrane coving 
the oaculum».2» outw layer; 3, collar or flagellated cella (the fainter 
ahoutd have been continued to indicate the cella lining 6): 4, apiculea; 
6, gaetral cavity. 
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or tube-liko projeotions are formed, and there aubrequently 
become more or less completely fused, so that the wall is 
much thickened (fig. 8) and is traversed by canals which 
are really spaces enclosed between the folds and outgrowths 
In such forms the flageUated cells (choanocytes) are confined 



• portion of OroHtia, a tponer. HiffhJv 

oiAgnified. (Prom Dendy.) 1. opening! of Inholent CAruU; 2, inhAleni 
canAl; 3, opening! of inhAlent CAnAli into flAgeliated chAinber* 4 dAsel. 
Utod cbAmber; 5, collar cell*; 6, apindea; 7, exhalent opening of f|*gel. 
Uted chAmber. i- o 

to chambers in the sponge-wall (fig. 8,4). Canals, called 
incurrent or inhaleni canals (3), pass from the surface of 
the sponge to these chambers, and others, the excurrent or 
exhalent canals, may lead from the chambers and open into 
the gastral cavity. Further complications, such as branch¬ 
ing of the canals, may occur. The thick wall of these more 
complex sponges is formed mainly of the gelatinous layer. 


3-* 
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In a sponge oonsUting of a single individual, form 
depends mainly on the relative ratee of growth m chfferent 
directions, and may be cylindrical, vase-like, globulw. d^- 
coidal, etc. In a compound sponge the form de^nda also 
on the way in which the young individuals of the colony 
are attached to the parent, and in addition, on their re- 
maining free or becoming fused together; m the latter case 
the individuals of the colony are frequently distinguish, 
able by their oscuU only; when the individu^ remam 
free, arborescent or bushy colonies may result (fig- ii 
they become fused, the sponge may be fan-shaped, funnel- 
shaped, oup-like, tubular, mushroom-shaped, massive, en¬ 
crusting, etc. ^ . .- 4 . 

Nearly all sponges are attached to some foreign object 

—generally by the base of the sponge, but in forms whi^ 
are fixed in the mud, especially deep-sea forms of the 
Hexactinellida, and in some Tetraxonida. thU fixation is 
by means of a root-tuft or rope of long spicules. 

In nearly all sponges there is a skeleton, which serves to 
support the canals and chambers and also for protection. 
This skeleton may consist of fibres of a homy substance, 
aimilar to silk in composition, and known as sjxw^'n; or 
of mineral particles, termed spietiles (fig. 8, o), composed of 
carbonate of lime or of colloid siUca; or it may consist 
of both siliceous spicules and spongin. Those forms only 
which have either a siliceous or calcareous skeleton are 
definitely known as fossils. Each spicule consists of a 
number of rays or arms, coming off from a centre, which is 
the point where the formaUon of the spicule commenced. 
In some groups, as for instance in the Monaxonida and 
Tetraxonida, the spicules are not united or are joined by 
spongin only; but in others they are fused together or 
interlocked so as to form a complete scaffoldmg, and 
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generally it ia in these only that the external form of the 
sponge has been preserved in the fossil state. In most sili- 
ceous sponges, two kinds of spicules may be distinguished, 
the aktl^dl-apicules or megctad^es which build the meun part 
of the skeleton, and the jUah^spiculea or mtcroscleres wbiok 
are smaller and isolated and are seldom preserved as fossils. 
In the axis of each spicule there is a canal known as the 
axial canal (fig. 9, c), which in the living sponge is occupied 
by a thread of organic matter; this is the Brst part of the 
spicule to be formed, the mineral matter being subsequently 
deposited around it. 

The spicules of recent aUioeous sponges are characterised 
by the glassy appearance of their surface, and by the silica 
being colloidal, isotropic, and soluble in heated caustic 
potash. But in the fossil state the spicules have generally 
undergone considerable change; occasionally their silica is 
still colloidal but the surface has no longer the glassy 
appearance, and the axial canal is frequently filled with 
secondary sihea in a crystalline or crypto-crystalline eon* 
dition, and is consequently easily distinguished by the aid 
of polarised light when the spicule itself still remains col¬ 
loidal. Generally, however, the spicule has become crystal¬ 
line or crypto-crystalline, and in such oases the axial canal 
cwi rarely be detected since it is filled with material in 
the same condition. Sometimes the silica of the spicules 
has been entirely removed, a hollow cast only remaining; 
in other cases it is replaced by another mineral, as for 
instance by calcite in the sponges ^m the Lower Chalk 
pf Folkestone, by iron pyrites in Protoapongia from the 
Mene vimi Beds of St David's, by iron peroxide in the sponges 
of the Upper Chalk of the south of England, and by glau¬ 
conite in some from the Upper Greensand. Obviously then, 
the colloidal silica of recent sponges is any thing but a 
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stable substance, thus differing widely from crystalline and 
crypto-cr 3 r 8 tallme silica. 

The spicules of the calcareous sponges are usually smaller 
than those of the siliceous forms, and their material is not 
in an isotropic state, but each spicule possesses the optical 
characters of a crystal of caloite; consequently in polarised 
light these spicules are readily distinguished from unaltered 
siliceous forms, which appear dark between crossed Niool's 
prisms. Then again the fossil calcareous spicules have under¬ 
gone much less chemical change than the siliceous ones; 
generally they are still composed of carbonate of lime, 
for it is only in rare cases that this is replaced by silica. 
The external form of the individual calcareous spicules 
is, however, often less well preserved than in the case of 
siliceous spicules. 

The forms of sponge spicules, both megascleres and 
microscleres, are very varied, but they can be shown to be 
modifications of a small number of types or fundamental 
forms. The spicules, on account of the constancy of their 
characters, are of great importance in the classification of 
sponges. 

The canal-system is indicated in the skeleton of both 
recent and fossil forms by spaces in the framework of 
spicules or spongin, but these spaces represent only the 
larger canals, the smaller existing in the soft parte alone. 

Reproduction in the sponges takes place by budding and 
by the production of ova and spermatozoa. 

The sponges may be divided into three classes: (1) Hex- 
actinellida, (2) Demospongue, (3) Calcarea. The first and 
second are sometimes grouped together as the Non-Calcarea. 






Fig. 0. Sponge spioulee (skeletel). a« monuozud, UalieJiondna panicea. 
Recent, h, tetrazonld (celthrope),. PaeJiaatr^ia^ Upper Oreeneand. 
c, tetraxonid (tciieoe), OtoiUta, Eocene, d, lithietid, Scj^ia ndidjomia. 
Chalk, c, lithietid, i5elMee<Aoa moitfeBt. /, hexactin^Ud, Caiopiytkiwn 
agaricoida*. Chalk, g, octactineUid. AatnBoapongia, Sflurian. K heter* 
actmeOld, .deferocHa^ expanea, Oarboniferoue. j, caldeponge, <?raai»a 
comprtsaot Recent. All zne^pnified. 
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CLASS I. HEXACTINELLIDA 

The Bpicalee in the Hexactinellida (fig. 9, f) consist of three 
axes crossing at right angles to one another; in primary 
forms there are consequently 'six rays of equal length pro¬ 
ceeding from a centre. Each ray is traversed by an axial 
canal, and these unite at the point of junction of the six 
rays. Various modifications are produced by some of the rays 
being longer or shorter than the others, or almost absent; 

by the branching of the rays and the occurrenoe 
of spines, knobs, etc. The spicules may remain free or they 
may be fused with one another by a deposit of secondary 
silica, but they are never united by spongin. When spicules 
with equal rays are united end to end, skeleton-cubes are 
formed, each cube consisting of eight spicules (fig. 9,/). 
Flesh-spicules are abundant, but are seldom found fossil. 
Some of the spicules form a layer near the external surface 
of the sponge for the support of the dermal membrane; 
others form a wimiW layer near the internal surface; the 
spicules which constitute the main part of the skeleton 
occur in the middle of the sponge-wall and serve to support 
the canals and flagellated chambers. The spicules which 
form the root-tuft by which many Hexactinellids are fixed, 
Skre long and thread-like. The walls, as a rule, are thin and 
the canal-system is usually simple. 

The earliest form is Protospongia from the Menevian Bods 
of St David’s; Pyriionema is found in the Upper Cambrian, 
the Ordovician, and Silurian. In the Silurian the genera 
Aatrceo&pcngia and PhormoatUa are present; in the Devonian 
Dietycphyton-, in the Carboniferous Hyaicaielia. Hexac* 
tineUi^ are rare in the Trias, but they become abundant in 
the Jurassic, especially in the upper part, and also in the 
Cretaceous; they are rare in the Tertiary. 


HEXAOTIITBLLIDA 
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Protospon^la (fig. 10). Form unknown but probably oup* 
shaped. Spicules cruciform owing to the reduction of one axis, 
and arranged in a quadrate' 
manner, the larger forming a 
franoework, which contains the 
smaller spicules of two or three 
sizes, arranged in the same regu¬ 
lar way.so that the larger squares 
enclose four or five series of 
smaller ones. The spicules were 
either free or probably partly 
fiised together. Meoevian Beds 
and Lingula Flags. Ex. P./ene- 
atrata. 


Cratlcularla. Cup-shaped, Fig. 10. Protoapongia ftnutraia, 
funnel-shaped, or cylindrical; UeneTian Beds, St Darid*a. x3f. 
simpleorbranohing. Onboththe (After Hiade.) The origiaalis in the 
inner and outer surfaces of the BritishM«eum.Oj^tothe<^y. 
wall «« ^ or ovol ^a.- 
opemngs, which are arranged in 

vertical and transverse rows crossing each other at right angles. 
Canals straight, terminating blindly. Inferior Oolite to Upper 
Chalk (perhaps also Miocene). Ex. O.fitUmi, Chalk. 

Ventriculites. Simple; form variable, but usually cup- 
shaped, funnel-shaped, or cylindrical. Central cavity large and 
deep. Walls folded so as to form a aeries of vertical grooves and 
ridges; the grooves are divided by transverse extensions of the 
wall into oval or elongate openings. Canal system well de¬ 
veloped; the radial canals are large and start from the central 
oavity, but end before reaching the outer surface; others start 
from the outer surfaoe and end before reaching the central 
cavity. Spicules six-rayed and fused with one another so as to 
form a mesh-work. Tlw node where the axes cross is hollow, 
having the form of a negative ootahedron, the central part of 
each face of which is absent; the axial canals cross in the centre 
of the octahedral space. The sponge was provided with a root 
consisting of siliceous fibres. Chalk. Ex. V. radiatua, V. im- 


prtaaita. 

Plocoscyphla. Sponge formed of thin-waUed tubes and 
lamins which e?iastomoee, forming an irregular or rounded 
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mftjc Small, olose-aet openings of canals on the outer siarfaoe. 
Canal system imperfect. Upper Cretaceous. Ex. P. ftnestrata. 
Upper Greensand and Chalk Marl. 

CLASS II. DEMOSPONGI^ 

The skeleton consists of siliceous spicules, or of spongin, 
or of both spicules and spongin. In some forms there is 
little or no spongin, but in others the entire skeleton con* 
sists of spongin with no siliceous spicules; between those 
extremes there is a complete passage. The spicules are never 
of the hexactinellid type. In some few cases both spicules 
and spongin are absent. 

Obdsr 1. Myxosponoioa. Sponges with no skeleton or 
occasionally with a few isolated spicules. Not known in the 
fossil state. 

Order 2. Cbratosa. Sponges with a skeleton composed of 
a fibrous network of spongin. This Order includes the ordinary 
bath sponges, etc., and is unknown in the fossil state. 

Order 3. Monaxonida. The skeleton is formed of 
spongin and spicules in varying proportions. The spicules 
(fig. 9, a) consist of a single rod or axis, which may be 
straight or curved, and with sharp or blunt ends; each 
spicule may consist of two rays or of one ray only. In the 
former the two ends of the spicule are alike and there is a 
small swelling of the axial canal at the centre of the spicule 
where growth commenced; in the latter the two ends are 
dissimilar and the swelling in the axial canal is at one end 
of the spicule, and growth went on in one direction only. 
Microsoleres or fiesh-spioules may also occur but are often 
absent. Since in this Order the spicules are only united 
by spongin or other decomposable material, it is extremely 
rare to find the form of the sponge preserved fossil; usually, 
detached spicules only occur. 
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The earliest representatives of the Nfonaxonida are found 
in the Middle Cambrian; the Order becomes rather more 
abundant in the Carboniferous, where the genus Reniera 
occurs. The freshwater form SpongiUa is found in the Pur- 
beck Beds of the south of England. In the Cretaceous and 
Tertiary monaxon spicules are sometimes abundant. A large 
number of Monaxonid sponges are still living. 

Order 4. Titraxonida. The spicules (fig. 9,6, c) con¬ 
sist of four rays given off from a common centre, the angle 
between the rays, when the end of one is taken as a central 
point, appearing to be 120“. The rays may be equal in 
length, when the spicule is termed a odUhropa (fig. 9, 6), 
or unequal; frequently one is very much elongated (fig. 9, c), 
and in such forms, known as iricenaa, the three shorter rays 
are placed near the surface of the sponge-wall and the longer 
ray is directed inwards. Sometimes the terminations of the 
rays are bifurcated. Spongin is either absent or occurs in 
minute quantities only, and since the spicules are not united, 
the Tetraxonids, like the Monaxonids, are seldom preserved 
in anything like a perfect condition as fossils. The oldest 
forms occur in the Carboniferous Limestone, where they 
are represented by the genera Qtoditea and Pachaatrelia; 
others are found in the Infra-Lias, the Cretaceous and 
Tertiary formations. 

Order 5. Lithistida. The Lithistids have thick stony 
walls and very variable external form. The spicules (fig. 9, 
d, t) are stout and insular in form, but sometimes show 
four rays; the extremities branch or expand, and by that 
means the spicules become firmly interlocked with one 
another, but do not fuse together. These irregular spicules 
(sometimes termed deamaa) are formed by secondary silica 
being deposited on small spicules of the ordinary kind, which 
may be four-rayed or consist of a single axis. In addition 



44 


POBIFBBA 


to these irregular spicules there is generally a surface layer 
or cortex formed of ^isene spicules like those in the Tetrax> 
onids. Fleeh-spicules are also present. Several different 
types of canal system occur. The Lithistids are closely allied 
to the Tetraxonida, and are sometimes r^arded as a division 
of that Order. 

Owing to their solidity the Lithistids are preserved abun¬ 
dantly as fossils. They are rare in the Paheozoic; a few are 
found in the Upper Cambrian of Canada; in the Ordovician 
and Silurian Astylospongia occurs; in the Carboniferous 
Dotyderma, etc. Forms belonging to this Order have been 
found in the Permian of Timor and Sicily; they are numerous 
in the Jurassic, attain their maximum in the Upper Greta- 
oeous, and are scarce in the Tertiary. 

Verrucullna. Irregular, fan- or funnel-shaped, attached by 
a short stalk. Osoula plaoed on prominent elevations on the 
upper, and sometimea also on the under sxirfaoe. Spioulee small, 
interlacing and forming a fibrous network. Upper Cretaceous. 
Ex. V. maerommnmata (sfsussi), Upper Chalk. 

Pachlnlon. Pear-, fig- or club-shaped, somstiinee oylindrioal, 
tapering at its lower part to a abort stem. Central cavity large 
and deep, with vertical canals opening into its base. Wall 
formed of anaatomoeing fibres, between which are irregular 
spaces—there are no distinct canals; fibres formed of large 
spicules, branched and interlaced. There is else a surface layer 
composed of small spicules. Chalk. Ex. P. scriptum. Upper CheJk. 

Scytalla. Simple, or formed of two or more individtiale 
growing close together; cylindrical or club-shaped, with a thick 
wall and a cylindrical stem. Central cavity tube-like, long, 
continued at its base by several vertical canals; numerous 
radial canals open into the central cavity ^n d taper towards 
the external surface. Spicules branching, with root-like pro¬ 
longations. Chalk. Ex. S. radicifonnis. 

^Uscotbon. Mushroom-hke, consisting of a flat or concave, 
cirevdar, plate-like body, and a rounded tapering stem. The 
circular body has rounded or oblique edges, and numerous. 
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8zn&U, rounded oscula on the upper surface: it is formed of fine 
vertical radiating lameUe, separated by spaces crossed by 
fibres—these spaoee forming the canal system. Spicules fine, 
branching irregularly, with bifurcating extremities, and covered 
with tubercles or spines. Chalk. Ex. 8. planum, 

Doryderma. Cylindrical, pear-shaped, sometimes branching. 
There are parallel vertical canals opening at the summit of the 
sponge, and smaller radial canals extending from the surface 
towards the centre. Spicules large, of various forms; also a 
surface layer formed of slender trifid spicules. Carboniferous 
and Cretaceous. Ex. D. beneui, Upper Gieenaand. 



Fig. 11 . Siphemia tvlipa, U pper Greensand, Warminster. A. vertical section. 
B, horuontal section, c, exourrent canals; i, incurrent canals, x}. 

Slphonia (fig. 11). Pear-, apple- or fig-shaped, provided 
with a long or short stalk, which is given off from the broad 
end of the body and terminates in rootlets. The incurrent canals 
are small, slightly curved, and extend radially from the centre 
of the sponge to the surface. The excurrent are larger, 

and are arranged parallel with the surface of the sponge, ex¬ 
tending from the base to the summit, where they open into the 
deep central cavity by means of a aeries of parallel ostia. The 
skeletal-spicules possess four rays with bifurcated and expanded 
extremities, by means of which they are interlocked. Upper 
Greensand to Upper Chalk. Ex. S. ttdipa, Upper Greensand. 

Halllrhoa. Like Siphania but with the rides divided into 
lobes. Upper Greensand. Ex. H. costata. 
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Order 6. Octactinbixida. The spicules (fig. 9, g) con¬ 
sist of eight rays, six of which Mre in one plane diverging 
at equal angles, while the other two are at right angles to 
this piano, forming a vertical axis. Frequently, however, 
the vertical axis is only slightly developed or altogether 
absent. The spicules are not united. The only genus is 
Astnzospongia, found in the Silurian and Devonian. 

Order 7. Heteractimellida. The spicules are un¬ 
usually laige (fig. 9, h), the number of rays varying from 
six to thirty. The body spicules are not fused, but there is 
a surface layer in which the spicules are interwoven and 
more or less fused. The only genera aro THoliastereUa and 
AsleractineUa, found in the Carboniferous rocks of A 3 rrahire. 


CLASS in. CALCAREA 

The skeleton consists of spicules composed of carbonate of 
lime in the condition of calcite. The spicules are usually 
much smaller and less varied in form than those of the 
siliceous sponges, and cannot be separated into m^ascleres 
and microscleres. There are three kinds, the simple uniaxial, 
the three-rayed—with the rays in one plane (fig. 9,j‘), and 
the four-rayed; they are sometimes fused with one another, 
but often are either arranged close together so as to form 
fibres, or are loosely distributed. Spongin is never present. 
There are three grades of structure in the Catcarea. In 
simple forms, known as the Ascon type, the flagellate cells 
(choanooytes) line the gastral cavity (fig. 7). In others, in 
which the sponge wall is folded, the flagellate cells are 
limited to the flagellate chambers; in the Syoon type these 
chambers open directly to the gastral cavity (fig. 8), but in 
others (the Leucon type) excurrent canals connect the 
chambers with the gastral cavity. The Ascon type of sponge 
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ifl not defaiitely known to occur in the fossil state. A group 
of sponges known as the Pharetronids appears to belong to 
the Leuconids. In this group the spicules ore arranged to 
form solid anastomosing fibres, and some of the spicules have 
a characteristic tuning-fork shape. The Pharetronids are 
found mainly in the Mesozoic, and the genera described 
below belong to this group with the exception of Barroieia 
which is of the Sycon type. 

A few examples of the Calcarea have been recorded from 
the Ordovician, Silurian and Carboniferous, and several 
forms occur in the Permian of Sicily. The group becomes 
important in the Trias, and is well represented in the Jurassic 
and Cretaceous. 

Peronldella. Cylindrical, simple or branched; central cavity 
tubular and extending from the summit to the base of the 
sponge. Walls thick and with no definite canals, but having 
irregular spaces between the spicular fibres. Spicules three- 
or four-rayed, forming anastomosing fibi«s. Carboniferous 
(possibly also Devonian) to Cretaceous; most abundant in the 
Jurassic and Cretaceous. Ex. P. putiUi/ormU, Great Oolite 
and Combrash. 

Corynella. Form similar to PtronitUUa. Radial excurrent 
canals open into the central cavity, which often does not extend 
to the base of the sponge, but is continued downwards by 
vertical canals. Inourrent canals fine, directed obliquely down¬ 
ward. Osculum usually with radial furrows. Jurassic and 
Cretaceous (? Trias). Ex. C./oraminoM, Lower Greensand. 

Holcospongla. Simple or compound; individuals usually 
spherical, hemispherical, or club-shaped; their summits rounded, 
with a central area in which a number of excurrent canals open, 
and from which furrows extend down the sides of the sponge. 
Spicules large and three-raj^, and some also filiform; and a 
surface layer of three-rayed spicules, of various sizes, felted 
together. Inferior Oolite to Cretaceous. Ex. H. poliia, Corallian. 

Rhapbldonema. Cup- or funnel-shaped or leaf-like, usually 
with definite canals. Oscula on either the inner or the outer 
suiface. Spicules of three rays, one of which is but slightly 
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developed. On one (or sometimee both) surfaces is a thin, 
compact or finely porous ls 3 rer of spicules. Trias to Cretaoeous. 
Ex. B. macropora. Lower Greensand. 

Porosphsra. Small simple sponges, commonly more or less 
spherical, but sometimes pear>, thimble-, or melon-shaped; 
often free, but sometimes attached to foreign bodies. Numerous, 
simple, straight, re4iating canals open at the surface by minute 
apertures. Spicules with four rays, of which three are short and 
blunt and fused to the raysof adjoining spicules, whilst the fourth 
ray is longer and tapering. A stiHace layer (not often preserved) 
consists of a mixture of minute three- and four-ray^ spicules 
and simple rods. Upper Cretaoeous. Ex. P. glnbtiJaru, Chalk. 
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Fig. 12. Bttrrcitia oneulomant, Lower Greensand, Faringdon. A, colony. 
B, vertical section of three individuals of a colony, x f. 

Barroisla (fig. 12). Usually compound and bushy. Indi¬ 
viduals cylindrical, each divid^ into a series of chambers by 
transverse partitions, which have a central circular opening, 
through which a tube usually passes. Canals simple, numerous, 
minute. Spicules slender, thrM-rayed; also a surface layer of 
larger spici^es. Lower Greensand to Chalk. Ex. B. anastomart«, 
Lower Greensand. 



Dislribuiicn of the P&rifera 

The Sponges are all aquatic, and with the exception of 
the Monaxonid genus SpongiUa and its allies, all marine. 
They are found in the seas of all parts of the world and are 
more numerous between the shore-line and 200 fathoms 
than at greater depths; many of the genera have a very 
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Wide ^tebution. All the Ordera except the Octactinellida 
Md the Heteractinellida have Hving ropreeeatativee. The 
Mo^xomds are abundant between the ehore-Une and 200 
^ gradually decrease in numbers beyond that 

common in water of less 
^pth than 200 fathoms, but extend down to 2000 fathoms 
The Lithistids range from 7* to 1075 fathoms, and are 
most abundant between 100 and 150 fathoms. The Hexac- 
tmernda occur in deeper water than the Lithistids. being 
found down to a depth of 2900 fathoms; but they are 
aidant between 100 and 200 fathoms, and again between 
300 and 700 fathoms. The Calcarea are mainly shallow 
water forms. 


fossil forms are comparatively rare in the Palsozoic 
rooks until we reach the Carboniferous; and throughout 
the geological formations they are much less abundant in 
argillaceous than in calcareous and arenaceous rooks. Sponges 
are first found in the Lower Cambrian rooks; the earliest 
British form is Proioapongia from the Menevian Beds and 
Lingula Flags; in the LinguU Flags and Tremadoc the 
Hexactinellid genus PynUmema occurs. In the Ordovician 
we have in the Llandeilo Beds the first appearance of 
lachadiUSy^ associated with PyrUonema-, in the Bala Beds 
we mwt with Aaiyloapongia. The most abundant Silurian 
form is IachadiUa\ Astraoapongia, Phormoaelia, and Pyriio- 
nema also owur. Sponges are rare in tjjie Devonian, but 
AstraospoTigia, Spharoepongia,^ and Peceptaculitts^ have 
been recorded. In the Carboniferous rooks sponges become 
much more common, the siliceous spicules often forming 

‘ The sponge-character of the Silurian and Devonian genera IteJtadUes 
and Sphtgrotpongia, which hare been placed by eome 
authors in the HezactineUida. is now disputed; if they are sponges it is 
probable that they belong to the Calcarea. Arc^KtocyoAut, Lower Cam- 
brian, ia probaUy a sponge. 
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thick beds of chert: the Monaxonids are represented by 
Seniera, the Tetraionids by Oeodiies, the Lithistids by 
Doryderma, the Hexactinellids by HyaiosUlia and Erythro- 
ipongia, and the Heteractinellids by TholuuUrella and 
AsUractindla. Sponges are usually absent in the Permian 
but Lithistids have been found in Timor, and also Calcarea 
in Sicily. They are rare in the Trias, except in the St Cassian 
Beds of the Tyrol, where the Calcarea are, for the first time, 
numerous. 

In the Jurassic, sponges are extremely abundant; the 
only Monaxonid is Spongilla from the Purbeck Beds; Lithi¬ 
stids and Hexactinellids, although common in Glermany and 
Switzerland, are comparatively rare in England; the first 
group is repreeented by Piatychonia, the second by Crati- 
culc^, Verrucoccelia, etc.; the Calcarea are numerous in 
this country as well as in France and Germany, common 
genera being Peronidella, Corynella, and Holcoapongia. The 
occurrence of Hexactinellids in the Inferior Oolite is note¬ 
worthy, since other evidence shows that that deposit was 
laid down in shallow water, but at the present day Hexac- 
tinellids are characteristic of deep water. 

Sponges are more abundant in the Cretaceous than in 
any other system. In England they are found ohiefiy at 
four horizons: (1) in the lx>wer Greensand of Faringdon, 
Upware, Kent, and Surrey, where the Calcarea are much 
better represented than other groups, PeronideUa, 
BarroiHa, and Rhapkidonema being common forms: (2) in 
the Upper Greensand and Chloritic Marl of Warminster, 
Blackdown, Haldon, and the Isle of Wight, whore the 
Lithistids («.p. Doryderma, Sxpkonia, HaUirhoa) are very 
abundant, exceeding the Hexactinellids (e.p. Craiicuiarxa, 
Plocoecyphia, Stauronema)', the Calcarea are also common 
in places: (3) in the Lower Chalk of the south of England, 
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where we find Sipkonia, Craticuiaria, Stauronema, Ploeo- 
scyphia, etc.; the Caloarea are rare: (4) in the Upper Chalk 
where the siUceous sponges are very common; amongst the 
Lithistida the following occur: Sdiscothon, VerrucuUna 
Scytalia, Doryderma, and Siphonia - the Hexactinellids ar^ 

represented by CfoiicuZorio, F«rruooc<*lia,Gtte«a«i*o Ventri- 

culiies, CtphdliUs, Ploco9cyphia, and Cavierosptmgia’ the 
Calcarea are represented by Poroaphcsra. Lithistida and 
Hexactinellids are present in the Miocene of Algeria, but 
generally in the Tertiary formations, although detached 
spicules are sometimes abundant, few perfect sponges are 
found. 
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Ord^$ 

' 1. OymnoUutoa 
3. CdyptobUctM 

3. Grftptoliihin* 

4. Hydrooormlliiu 

' 5. Strom*toporoide» 

6. Tnohom^oM (not foMil) 

7. N&rcomeduw (not foasU) 

8. Siphonophom (not foMil) 

1. Stauromoduan (not foMil) 

2. PeromeduMB (not foMil) 

3. CubomedoM (not foMil) 

4. DiacomaduM 


„ . (1. Zoaotharia 

3. AnthoioaorAotinoion... Alcyonoria 

4. Ctenophora (not foaiiU) 


The Coslentera inohide hydroids, jelly-fishes, eea-anemones, 
corals, and allied forms. The individuals are radially sym- 
metrical, and have only one internal cavity, the coderUeron, 
which opens to the exterior by the mouth. The body-wall 
consists of an outer layer of cells, the edodenn, and an 
inner layer, the endodermi between these is a gelatinous 
layer (mescvlaa)—usually quite thin, but in the jelly¬ 
fishes of considerable thickness. Stinging cells known as 
nematooysts or thread-cells are generally present in the 
ectoderm. 

This Phylum is divided into four classes, (1) Hydrozoa, 
(2) Scyphozoa, (3) Anthozoa or Actinozoa, (4) Ctenophora. 
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CLASS I. HYDROZOA 

The simplest type of the Hydrozoa is the common freshwater 
Hydra. In this the body has thp form of an elongated sao, 
about a quarter of an inch in length, and is attached by one 
end, whilst at the other is the mouth surroimded by a 
row of long processes, called UntacUa. The large undivided 
cavity in this sac, which opens into the hollow tentacles 
above, is the ocelenteron. The whole body is very con¬ 
tractile and constantly changing its shape. Reproduction 
may take place in three ways, (1) by the growth of buds, 
which ultimately separate from the parent, (2) sexually, 
by the production of ova and spermatozoa in the ectoderm, 
and (3), in rare cases, by dssion. 

or 

colony (fig. 13); in such cases the coelentera of tUl the indi¬ 
viduals are placed in living communication with one another 
by means of a tube-like extension from the base of each 
polyp; this common connecting portion of the colony is 
called the canoaarc (fig. 13,6). Frequently the ooenoearc 
is much branched, giving rise to tree-like forms; it is usually 
attached to some foreign object by a horizontal branching 
portion. 

In such hydroid colonies the polyps are asexual, and the 
reproductive elements are product in another indis iial 
of a somewhat different cheuacter, known as a medusa or 
gonaphore: this arises by budding from the hydroid (fig. 
13, 0), and is often more or less bell-shaped, and may be¬ 
come detached from the colony, or it may be less perfectly 
developed and remain attached; at the inner edge of the 
bell is a shelf-like fold, the velum. The generative cells are 
of ectodermal origin, and from them the hydroid develope. 


Other Hydrozoa consist of a number of individuals (polyps 
hydranths) simila r to Hydra, but growing together as a 
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Hydra possesses no hard parts, but in other forms an 
external skeleton composed of chitin or of carbonate of lime 
is secreted; it commonly forms a tube-like sheath around 
the coenosaro and is called the perisarc (fig. 13, 6). In one 
group the perisarc is produced at the base of each polyp 
into a cup-like structure or hydrotheca (fig. 13, 7), into 
which the polyp can rebaot. The gonophores may also be 
protected by a chitinous capsule called the gonotheea or 
g<maT%gium (fig. 13, M>), The vertical branching part of the 
ccenosarc, together with the perisarc around it, is called the 
hydrocaulu9\ the horizontal root-like portion and its peri¬ 
sarc form the hydrorhiza. 

The principal characters which distinguish the Hydrozoa 
from the other Coelenterates are: the ccelenteron being un¬ 
divided by radial partitions or ridges; the absence of a 
digestive tract projecting into the ccelenteron; the usual 
occurrence of an asexual (hydroid) generation alternating 
with a sexual (medusoid) generation; the medusa having 
a velum; the ova and spermatozoa being derived from the 
ectoderm. 

Nearly all the Hydrozoa are marine. They are divided 
into eight Orders, of which five occur fossil: (1) Gymno- 
blastea, (2) Calyptoblastea, (3) Graptolithina, (4) Hydro- 
corallina, (5) Stromatoporoidea. 

ORDER I. GYMNOBLASTEA 

The Gymnoblastea have no hydrothecss into which the 
polyps can retract; gonangia (gonothecse) are also absent. 

Well-known living forms are Tutndaria, Bougainvillea, 
and Hydractinia. The last has been found fossil in Eocme 
and later deposits; it forms a crust over the shells of gas¬ 
teropoda, especially those tenanted by Hermit-crabs. The 
bard part of t.biw crust is chitinous, or rarely calcareous and 
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consists of lammse separated by irregular or cubical spaces 
and crossed by vertical pillars; on the surface are projecting 
spin^. Tho soft parts form a layer over this skeleton, and 
consist of a sheet of ectoderm on the surface, and another 
sheet next the skeleton; between these are branching 
anastomosing ccsnosarcal tubes. The skeleton is secreted 
by the lower ectoderm. From the coenosarc arise the polype, 
which are placed on long vertical stalks and are of four 
kinds, (1) gastrozooids—the ordinary nutritive individuals, 
{2) blastostyles, which are individuals specially modified for 
bearing medusa, (3) dactylozooids—individuals modified 
for catching prey and having short knob-like tentacles 
crowded with nematocysts, (4) tentacular polype, which are 
very slender, without a mouth, and occur near the edge of 
the colony. 

JParktria, which is found in the Cambridge Greensand, 
probably belongs to this Order. A few other forms have 
been described from the Alpine Trias and the Jurassic of 
southern Europe. 

ORDER II. CALYPTOBLA8TEA 

This Order is distinguished by the presence of hydrothec® 
into which the poljrps can completely retract, and by the 
poesession of gonangia (gonothecae). (Fig. 13, 7 , lo.) 

The arrangement of the polyps and hydrotheca on the 
hydrocaulus varies considerably in different genera. Some¬ 
times they are placed on stalks as in Obtlia (fig. 13) and 
Campanv]aria\ in many others they are sessile. They may 
be in rows or placed in various positions on the hydrocaulus. 
In Plumularia, Aglaophenia, etc., they form a single row; 
in Sertularia, etc., there are two rows placed on opposite 
sides of the branches. Sometimes the hydrothecss are close 
together, but more usually they are separated. 


Fig. 13. Fart of a branch of Obclia. Enlarged. To the left a portion ia 
aboTrn in section. (After Parker and Haawell.) 1, ectoderm; 2, endoderm; 
3, month; 4, coelenteron; 6, ooenosarc; ft, peruarc; 7. hydrotheoa; 8, blaeto* 
stylo, a mouthiMa polyp bearing meduaa-bude; 0, m e d u sa-bud; 10, 
gonangium or gonotheca. 
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In the PlamulAriids there axe, in addition to the ordinary 
polype, others which are solid and tontacle-like; they are 
usually provided with nematocyste and are called nemnto- 
phores -, each one is placed in a hydrotheca. 

Although the Calyptoblaetea possess a well-developed 
chitinous skeleton they are rarely found fossil. Arch<Bolaf(xa 
and Arciueocryptolana from the Cambrian of Victoria, and 
Maatigoffraptus from the Ordovician of New York appear 
to belong to this group. One form has been found in the 
Pleistocene. 

ORDER ni. QRAPTOLITHINA 
SUB-ORDBR 1. ORAPTOLITOIDBA 
The graptolites are found only in the Lower Palaeozoic rocks, 
where, owing to their abundance and to the limited range in 
time of both genera and species, combined with ttieir wide 
geographical distribution, they are of great importance to 
the stratigraphical geologist. They occur most commonly in 
argillaceous rocks, especially in black carbonaceous shales, 
whilst they are relatively rare in sandstones and limestones. 
The graptolites were compound animals, and the soil parts 
were protected by a skeleton of chitin which shows a general 
resemblance to that found in the Calyptoblastea, t.g. Seriu.- 
laria and Plumularia. But the original material of the 
skeleton is seldom preserved unaltered; in some cases it has 
been replaced by iron pyrites, but usually it has become 
carbonised. 

The entire skeleton of the graptolite is termed the rhabdo- 
8<mu or pcHypary-, this in an unbranched form like Mono- 
graplua consists of a row of small cells known as hydroihtca 
(fig. 14, hy). Each hydrotheca is hollow and opens on the 
one hand into an internal space (the common canal, fig. 14, cc) 
and on the other to the exterior (ap); the latter aperture 
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known as the mouUi of the hydrotheoa, is frequently circular, 
but sometimes quadrangular, or more or less constricted 
by apertural outgrowths. Embedded in the wall or periderm 
on the side opposite to the row of hydrotheose is a ohitinous 
thread or rod, termed the virgvXa (fig. 14, v). In some species 
of Manograpiue the viigula projects beyond the distaU end 



Fig. 14. Enkrged figures to show the structure of graptolites. A, B, C, 
Manograftiu. D, Diflogra^ua. op, aperture of hjffrotheoa; oe, common 
canal; A^. bydrolheca; is, interthecaleoptum: ^ nonla; se, medivi septum; 
V, virgula. 


of the common canal. At the proximal end of the rhabdo* 
some there is a small conical body, termed the sicula 
(fig. 14, s), which will be described more frilly below (p. 64). 

The soft parts of the graptolites are unknown, but from 
comparison with living hydroids, which have a wimilar 
skeleton, we may consider it probable that each hydrotheoa 
lodged an individual polyp, and that these were connected 
by means of the coenosarc in the common canal. 

^ Tbs proximal end is that next the sicula and is tbs part which is 
fomsd first; tbs distal end is farthest from the aioala and is formed last. 
The side cf the graptolite on which the hydrotheca occur is spoken of as 
the veniral, and the opposite tide as the dortal. 
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In the form just described (Monoffraptits) the rhabdosome 
is always simple, but in many genera it consists of two or 
more branches or stipes. When there are several radiating 
branches their proximal parts are sometimes enclosed in a 
horny sheath, termed the central disc, as in some species 
of Tetragraptus (fig. 15) and Dichograptus. In those genera 



Rg. le. Kg. 16. 


Kg. 19. Ttiragraj^ Keadi, Arenig Rooks, a, cootral diie. x 

Fig. 16. Climaccfnyfttu parvus, Ordorieiao. With ranole at end of 
virgola. (After Ruedemann.) x i. 

which have two branches (fig. 19), the angle between the 
two is termed the oTigie of divergence-, it is measured firom the 
hydrothecal side of each branch. In some graptolites {e.g. 
Monograptus, fig. 14 A—C) there is only a single row of 
hydrotheoss, such forms are said to be unisetial-, others 
(e.p. Diplograplus, fig. 14 D) possess two rows on opposite 
sides of the rhabdosome—these are the biserial forms, and 
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they may have a aingle common canal aa in RttiolxUs, or 
there may be two canals separated by a septum (fig. 14 
D, 8t), as in Climacogroftus : in many forms of Diplograptus 
there is only one common canal, but others possess an incom¬ 
plete septum which, to some extent, divides the canal into 
two parts. In Dicranograptxu the proximal part of the 
rhabdoeome is biserial, whilst the distal part consists of two 
uniserial branches. In Dimorphographu, on the other hand, 
the proximal part is uniserial and the distal part biserial; 
this genus therefore serves to connect the biserial Diplo^ 
graplus with the uniserial Monograptus. 

The hydrotheca) vary considerably in form in different 
genera, and sometimes even in different species of the same 
genus; but in any one species, with the exception of a few 
of the earlier hydrothecffi, they aie usually similar in form, 
but diminish in size towards the proximal end of the rhabdo- 
some; they may resemble the sicula in shape, or they may 
be tubular, prismatic, conical, straight or coiled {Mono- 
graptua UMfenu). They may be in contact throughout their 
entire length {Phyllograptua), at their bases only (Nema- 
graptxu), or, in a few cases, entirely separate {Raatritea). 
Frequently they are provided with one or more spines near 
the mouth. In most graptolites the hydrothecae communicate 
freely with the common canal, and in this respect differ from 
living hydroids, in which there is a constriction or an im¬ 
perfect diaphragm at the base of each hydrotheca, separating 
it from the common canal (fig. 13). 

A microecopio examination of thin sections of Afono- 
grapULB shows that the periderm consists of three layers, 
the external and internal layers being much thinner than 
the middle layer. In a few graptolites the middle layer of 
the periderm is more or less extensively perforated and 
may become reticulate: this modification is especially note- 
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worthy in ReiuAUes, in which the middle layer is reduced to a 
network of fibres (fig. 17), whilst the inner and outer layers are 
very thin and often not preserved. 

In Monogra^tus the virgula, when 
present, is found in the periderm 
opposite the rowof hydrothec®, but 
in the biserial forms it is central (fig. 

14 D), being situated either in the 
middle of the common canal, as in 
some forms of Diplograptus and 
Climacograptus^ or in the septum 
separating the two canals, as in 
other forms of these genera; in such 
biserial forms the virgula is com* 
monly enclosed in a tube*like cover* 
ing. In the earlier uniserial genera 
{Didymograptua, Telragraptu^, Di- 
Uptograptw, DiceUo- 
grapiui, etc.) the virgula is not 
found in the wall of the common 



A, Motion across 
rbabdotome. B, proximal end 
of rhabdoeome with tbo onter 
layer remored. Enlarged 
(alter Holm), v, x, rods in 
the network formerly ie« 
garded aa virgubs. 


canal, butis represented by a thread SOurian 


or ncma which projects from the 
pointed end of the sioula and com¬ 
monly ends in a chitinous disc by 
which the graptolite was attached 
(as in fig. 24 A). 

The position of the sicula, in relation to the rest of the 
rhabdoaome, varies in different genera, and depends on the 
directions in which the hydrothec® grow from it. In Mono- 
graptus the sicula is situated on the dorsal surface of the 
rhabdosome, the pointed end being directed diatally (fig. 14 
C, a). In Diplograptw it has a similar position but is more 
or less completely enclosed between the hydrothec® (fig. 14 
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D,«). In Didymograptiis the two branches of the rhabdo- 
some diverge from the broad end, the pointed end being 
directed proximaUy (fig. 19 A-C). In DiuUograptus the 



Fi£. 18. Early rtagee of (A) Monograptua (after Kraft); B, G, oppomte 
side* of Diplograptiu (after Wiman). Enlarged, a, the wly part* ^d 
6 the later formed part of the aicula; e, epine; d, virgula; 1-6, bytito* 
theca in c^er of their dcyelopment. 

sicula has a similar position, but the apex projects like a 
spine between the two branches (fig. 19 E). 

The appearance of even the same species of graptohte 
varies considerably according to its mode of preservation. 
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Frequently it is flattened to a film, and when this is the 
case we may get a side view, a front view showing the 
mouths of the hydrothecse, or a back view; in the two 
latter cases the margins will be parallel. But when the 



Tig. 19. A, IMyrnograptH* hifidvsi B. D. mtnv/iu; C, D. 

D, LtpiogTaptu$ fiacciduti E, Dwittofraptu* Qtnicvlattw, F, Diplofnptu* 
UrtliutevXut. A—C, Lower Ordovician; D—'F, Middle OrioviciaD. All 
enlarged. Proximal ends showing the order and mode of development 
of the early bydrotheew. e 1. e 2, e 3, firet, second and third rroeeing 
canals; s, sicula. 1-6, hydrot^o* in the order of their development. 


interior has been filled in with iron pyrites, or when the 
graptoUte is preserved in a limestone, the natural form of 
the polypary is often retained. 

No m^usoid form is known in the graptolites; but sac- 
like bodi^, which may be gonangia, are sometimes present. 
In a few biserial graptolites such bodies have been found 
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attached to the polypary; they are not joined to the hydro- 
thec®, but come oft at right angles to them along the middle 
line of the sides of the polypary, but since no sicul® have 
been found in or near these sacs their nature and, function 
must be regarded as uncertain. In other cases, however, 
sacs or vesicles containing sicul® have been seen near the 
distal extremity of the virgula (fig. 21), and it is probable 
that these are of the nature of gonangia (fig. 13, 10 ). 

The earliest stage in the development of the graptolite 
at present known is the sicida (figs. 18 A, 20 A); this 
probably arises within the sac-like bodies mentioned above. 
The sicula is usually more or less clearly exposed at the 
proximal end of the rhabdosome (figs. 14 C, 19, a); it is a 
hollow cone (fig. 18 A) open at the base, and consists of 
two parts—the pointed or apical end with a thin wall (o), 
and the broader or apertural part with a thick wall marked 
with lines of growth (6). The pointed part was probably 
the covering of the embryo, and the broad part a later 
growth. The apical end of the sicula is prolonged as a 
thread far ming the virgula (d). A spine-like projection (c) is 
sometimes found at the apertural end of the sicula, but has 
no connection with the virgula. In the development of 
Didymograpltts (fig. 19 A—C) a bud is formed on one side 
of the sicula and from this arise (1) the first hydrotheca 
(fig. 19 A, 1) and (2) a tubular body known as the crossing- 
canal (c); the latter grows across the sicula and gives rise 
to the second hydrotheoa (2) which is on the side opposite 
to the first hydrotheca. From each of these two hydrothec® 
a stipe or branch is developed, owing to tho fact that each 
hydroUieca gives rise by budding to another hydrotheca and 
in this way two continuous Unear series are formed. More com¬ 
plex branching (as in Tetragrapitia, Dichograptua) is produced 
when one hydrotheca buds off two hydrothec® instead of one. 
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In later genera, the first-formed hydrothecse gradually 
acquire an alternating mode of origin. Thus, for example, 
in Didyrnograptw gMeruUu the first hydrotheca of the 
second branch ( 2 ) (fig. 19 C) is derived, by the crossing 
canal (cl), from the first hydrotheca of the first branch (i), 
but the second hydrotheca (3) of the first branch is derived 
by a second crossing canal (c2) from the first hydrotheca 
of the second branch, and only afterthese three hydrothecm 
have been produced do the branches become independent. 
In OiceUograpius (fig. 19 E) there arc formed in this manner 
three crossing canals (cl, c2, c3), and the hydrothec® 
( 1 , 2 ,3,4) are alternating in their origin. In Diplograptus 
the development may be similar to that of DiceUograplua, 
but the crossing canals are reduced in size and the hydro- 
tiiecse grow up the virgula. In other species of Diplograptiut 
the alte^ate development of the hydrothecec may continue 
throughout (as in figs. 19 F, 20), and in such forms there is 
no median septum. In Monographs (fig. 18 A, 1 , 2 ) the hydro- 
thecs grow directly upwards and produce only a single scries. 

Whilst each rhabdosome consists of a colony of individual 
polyps there is evidence which seems to indicate that in 
some biserial graptolites a number of rhabdosomes wwe 
grouped together to form larger colonies. Thus Ruedemann 
has described specimens of Diplograptts foliaceis (fig. 21), 
from the Utica Slate (Ordovician) of New York, which 
consist of a number of individuals radiating from a centre 
where they unite by the distal prolongations of their virguls; 
at the point of union there is a small, nearly square, chitinous 
sheath which is similar in appearance to the central disc 
of Tetragraphs; below this is a larger quadrate body, 
apparently vesicular, which may have been either a float 
(pneumatocyst) or an organ of fixation. Around the small 
disc are from four to eight globular vesicles, which Ruede- 
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mann oonsiders to be gonangia, since they contain sicuiae; 
the siculee sometimes pass out and develop into fresh colonies, 
but in other cases they remain attached to the parent, and, 
by the growth of the virgula, extend outwards, and sub- 



Fig. 20. CUmacograptua typieaUa, Upper Ordovieiea, ehowiag the sue- 
eeaaive stagee of grow^ (A to H). x 7. (After Bulmen.) a, the early 
pert and b, the later part of the dcala; e, spine from d, virgola. 

1-7, hydrothecsB in ^e order of their formation. 


sequentiy hydrothecse arise in the usual way. In some other 
species of Diploffrapfus (Z>. vesiculostu, etc.) and in Climaco- 
graptiu (fig. 16) a single vesicle is sometimes found at the 
distal end of the virgula. A vesicle may also occur at the 
proximal end of the polypuy, but its function is unknown. 
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Owing to the fact that the soft parts of the graptolites 
are entirely unknown it is difficult to speak of their affinities 
with any degree of certainty. It seems probable, however, 
that they belong to the Hydrozoa; Allman and others con¬ 
sider them to be related to the Calyptoblastea, especially 
to such forms as SeHuUtria and PlumulaTia, with which 
they agree in the general characters of the hydrothec® and 
perhaps also in the possession of gonangia. But they differ 



Fig. 21. Diptographu fcHiae^, from the Utica SUte, X«w York, 
x}. (After RtxedeniMiD.) 

in some important respects from the Calyptoblastea, t.g. in 
possessing a virgula and sicula, in the diminution in size 
of the hydrothec® towards the proximal end of the rhabdo- 
some, in the hydrothecae being nearly always in oontact, 
and in the firee communication which exists in most cases 
between the hydrothec® at their bases; their development 
is also different—in the graptolites each hydrotheca is 
budded off from another hydrotheca, but in the Calypto¬ 
blastea the new polyps are budded off from the ccenosaro. 
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Further, the graptolites never form the much-branched tree¬ 
like colonies which occur so commonly in recent hydroids, 
and the graptolites are never firmly fixed by any root-like 
structure corresponding to the hydrorhiza. On the other 
hand the dendroid graptolites (p. 74), to which the true 
graptolites appear to be closely related, do form much- 
branched colonies with, in some cases, a root-like hydro¬ 
rhiza. 

Since the graptolites do not possess any root-like structure 
(hydrorhiza) such as is found in many living hydroids it is 
not likely they were sessile animals living on the sea-floor; 
further, if that had been their mode of life some specimens 
would almost certainly be found in a vertical position 
crossing the planes of lamination, but that is not the case, 
for the graptolites are found lying flat on the lamination 
planes as if they had sunk slowly to the bottom in quiet 
water. The remarkably wide geographical distribution of 
the speoiee can only be accounted for if the graptolites 
lived attached to floating sea-weeds or were fr^-swimming 
animals. There is evidence to show that many graptolites 
were fixed to some foreign object by means of the thread 
which comes off from the point of the sicula and ends in a 
chitinous disc; it is possible that some of the later biserial 
graptolites were free-swimming animals, sinc« the vesicle 
found at the cen^ of the radiating colonies (fig. 21) and 
at the distal end of the single stipes (fig. 16) may have 
served as a float; also the perforate or reticulate structure 
of the wall of some biserial forms (fig. 17) appears to be an 
adaptation for a floating mode of life. The much greater 
abundance of graptolites in thin, flne-grained, carbonaceous 
shales than in thicker and coarser deposits, suggests that 
the graptolites lived mainly at some distance from the shore 
where sediment was deposited slowly in tranquil water; and 
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the carbonaceous matter in those shales may have been 
derived from the decomposition of sea-weeds. 

The genera of graptoUtes at present accepted am based, 
to a large extent, on the number of branches of the rhabdo- 
some; but it is now considered that this feature is of less 
importance than was formerly supposed, and that a classi¬ 
fication which shows the genealogical relationships of the 
forms should be founded chiefly on the characters of the 
hydrothecse and, to some extent, on the angle of divergence 
of the branches. The early graptoUtes, such as Bryograptu^, 
appear, at first sight, to be more advanced than the later 
types {e.g. MoTiograpixn)^ on account of their more complex 
branching; but in the early forms the hydrothecae very 
simple, differing but Uttle from the sicula, whereas in the 
later ones they exhibit considerable modiUcation. In some 
genera the hydrothecae of different species show great variety 
of form, those of one species being often much more like 
those of a species belonging to another genus than to other 
species of the same genus: thus we get the saune type of 
hydrotheca in the three forms Bryograptvs caUavei, Tefra- 
graptvs hicksi, and Didymograptus affinis, and another type 
in Bryograptus reirojlezus, Tdragrapttis deniiculatus, and 
Didymograptu-a faedeulattts. It is contended that each of 
these groups is a genealogical series and should be regarded 
aks a genus—that T. Mcksi has descended from B. callavei, 
and D. affinia from T. hickai. According to the old view all 
the species of Didymograptua were thought to have descended 
from one common ancestor, but this wiU not account for 
the close resemblance which the hydrothecae of certain species 
of Didymograptua bear to those of certain species of Tatra- 
grapiua\ on the other hand, this is readily explained if we 
consider that the species of Didymograptua have descended 
from various species of Telragraptua. Then again, the re- 
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m&rkable diversitiy in the hydrothecs of Monograjtiua can 
be easily understood if ve grant that the forms included 
under this term are the descendants of different species of 
one or more genera. But ainoe species which have a different 
ancestry cannot be placed in the same genus, we must r^aid 
Monograptus as an assemblage of forms which ^pree merely 
in consisting of a single uniserial branch or stipe, and have 
descended, through DxmcrphograptuSt from various groups 
of Dvplograptu4 and perhaps of Climacograpt^. 

Didymograptus (6g. 19 A—C). Rhabdoeome bilaterally 
symmetrical, consisting of two uniaerial stipes diverging at an 
angle which varies, in different species, from 0^ to 180^ (or 
occasionally more). Hydrotbecse sub>cylindrical, in contact for 
a considerable part of their length. Lower Arenig to Upper 
Llandeilo. Ex. D. ftwrckisoni. Lower XJandeilo; D, patulus, 
Z>. exteMus, Arenig. 

Phyllograptus (fig. 22). Rhabdosome leaf-like, consisting 
of four uniaerial stipes united along the whole of their length. 
Hydrotbecse cylindrical or sub-cylindrieal,in contact throughout 
their entire length. Siciila pointing distally. Arenig. Ex.P. lypus. 

Tetragraptus (figs. 15, 23). Rhabdoeome bilaterally sym¬ 
metrical, uniserial, consisting of four simple radiating branches 
which arise from the bifurcation of two short branches coming 
off from opposite sides of the sioula (constituting a Didymo' 
graptw stage). Hydrothece cylindrical or sub-cylindrical, in 
contact for a considerable part of their length. A central disc 
may or may not be present. Arenig. Ex. T. guadribracAicUus. 

Dichograptus. Rhabdosome typically bilaterally sym- 
metrical, consisting of eight uniserial main stipes produced by 
bifurcation through Didymograptxu and Tttragraptxu stagee. 
Hydrotheces cylindrical or sub-oylindrioal. A central disc is 
fr^uently present. Lower Arenig. Ex. D. octobrachiatut. 

Log<m<ygraptue (Arenig) and Clonograptua (Tremadoc and 
Arenig) are forms in which bifiu^tion has proceeded further 
than in Dichograptut. 

Bryograptua. Bilaterally snb-symmetrical, uniserial, con¬ 
sisting of two main stipes diverging at a small angle from the 
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t ^oula» which has ite point direotod distally. From the inner 

margins of the ma i n stipee siinilar secondary stipee (which may 
bear other stipes) arise. Hydrothece like those of 
j Thecss of s m al le r size than hydrothecss, knoMm as bttAecos, are 

1 present in some species, and are also found in Clonogrc^ptua. 

I Tremadoc. Ex. B. kjtmdfi. 

Lepto^raptus (fig. D). Rhabdosome consisting of two 
simple, slender, flexuous, imiserial stipes given off in opposite 
directions from the sicula at angles greater 180^. Hydro* 
thecse are long tubes with slight sigmoid curvature, in contact 
for about half the i r length. Upper Llandeilo to Lower Bala. 
Ex. L. fiacoidut. Lower Bala 



Fig. 22. Fig. 23. 

Fig. 22. Piyflo^optu*, Arentg Rocks. The grsptolita has been out in two, 
and the upper part raised so as to show the four branches. Natural size. 
Fig. 23. TetrapropttM Sigtbtfi, lower Ordovician. Early part of the 
rhabdoeome showing four branches; e, crossing canal; s, sienla. (After 
Holm.) x4. 

Pleurograptus. Two principal branches as in Lep^cpraptus; 
these bear secondary branches on both sides, often arising 
alternately, and sometimes bearing smaller branches. L.ower 
Bala. Ex. P. linearie. 

Nemagraptus {ssCcenoffraptu*). Bilaterally symmetrical, 
uniserial, consisting of two slender, more or less flexuous main 
stipes coming off from the middle of a weU*defined sicxila; from 
each of these stipes secondary branches may be given off in a 
83 mimetrioaI or nearly symmetrical manner. Hydrothecte as in 
L^toffraptus. Lland^o. Ex. N. proctlis. 

Dlcranograptus. Bilaterally ^'mmetrical, biserial in the 
proximal portion, dividing distally into two uniserial branches. 
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Hydrotheoe tubular, with sigmoid curvature and intumed 
apertures. Upper Uandeilo to Lower Bala. Ex. D. clingani. 
Bala. 

Dicellograptua (fig. 10 E). Like DicronograpUu, uniserial, 
the two branches united at the aicula only, which points 
distaUy. Angle of divergence greater than 180“. Hydrothec® 
usually with strongly sigmoid curvature. Upper Arenig to 
Upper Bala. Ex. D. atu^pn, Upper Bala 

Dlplograptus (figs. UD. 18, 19, 21). Rhabdosome biserial. 
Hydrothec® subprismatic or sub-cylindrical tubes, overlapping 
and placed obliquely. Virgula prolonged beyond the distal 
extremity of the rhabdosome. Sicula more or less completely 
concealed. Arenig to Tarannon. Ex. D. foKaceua, Llandeilo to 
Lower Bala Petalograptua and Ctphaiograptus are sub-genera; 
Llandovery and Tarannon. 

CUmacograptus (figs. 16, 20). Biserial. Hydrothec® tubu- 
Im, with sharp sigmoid curvature, aperttires placed in depres¬ 
sions. Sicula often concealed. Upper Arenig to Tarannon. 
Ex. C. fwrmalis, Llandovery and Tarannon. 

Retiolltes (fig. 17). Bisenal, straight. Hydrothec® like those 
of Diplograplue. Periderm consists mainly of a network of 
threads and rods. Lower Bala to Lower Ludlow. Ex, R. geinit- 
tianua. Upper Tarannon and Wenlock. 

Dlmorphograptus (see p, 60). Llandovery. 

Monograptus (figs. 14, A—C, 18 A). Rhabdosome un- 
branched, uniserial; straight, curved, or spiral. Hydrothec® 
very variable in form in different species. Sicula situated at the 
proximal end of the rhabdosome, and its pointed end directed 
distally. Lower Llandovery to Lower Ludlow. Ex. Af. niisaoni, 
Lower Ludlow; M. lapUiihua, Llandovery; Af. priodon. Wen- 
lock; Af. apinigerua, Llandovery. 

Rastrites. Closely allied to Monograpixta, but the hydro¬ 
thec® are long, tubular, and widely separated. Llandovery to 
Tararmon. Ex. R. peregrinua, Llandovery to Tarannon. 

Cyrtograptus. Similar to Monograptua, but coiled into a 
plane spiral with branches given off from the external (hydro- 
thecal) margin. Upper Tarannon to Wenlock. Ex. 0. murcAt- 
aoni, Wenlock Shale. 
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Distribution of the Omptoliioidea 

Canarian. In Britain the earliest graptoUtes occur in 
^0 Tremadoc Beds, where we find the branching forms 
Bryograptus and ClonograptMs. 

(hdovidan. The graptoUtes in the Arenig division are 
mainly uniserial forms without a virgula in the wall of the 
common canal and are often branched. The most charac 
tenstic genera are Didymograplns, Tstragroptva, Dkho^ 
pmpitts, and PhyOograptus; Clonograptus survives from 
the Cambrian into the lower part of the Arenig. In the 
Llandeilo Didyncgraptus is stiU found and is fairly common 
in the lower part of the formation; other important genera 
in the Llandeilo are DicsOograptua, the biserial Diplo- 
grapius and Climacograptus, and Nemagraptus and Dicra- 
nograptua which now appear for the first time. In the Bala 
B^, the biserial genera Diplograptua, Climaeograptua and 
Dicranograptua become much more abundant, and with 
them occur Leptograptua and PUurograptua. 

5thinan. The only genera which pass up from the Oido- 
vician to the Silurian are Climaccgraptua, Diplograptua, and 
Reiiolitea, and nearly aU the species in the two systems are 
different, so that between the Ordovician and Silurian there 
is a great break in the graptoUtic succession. As a whole, 
the Silurian formations are characterised by the uniserial 
genera Monograptua, Raairitea and Cyrtograptua, which ap¬ 
pear first in the Ixiwer Silurian. In the lower part of the 
Llandovery the genera Diplograptua and Climaeograptua are 
fairly abundant, but they become extinct in the Tarannon, 
and in the Wenlock and Ludlow Beds Uie only forms are 
Monograptua, Cyriograptua, and Raiidtitaa. The last traces 
of graptoUtes occur in the Downtonian Beds, but they are 
too imperfect for determination. 
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8UB.0RI>ER2. DENDBOIDEA 

In the Paheozoic formations there are organisms, usually 
termed 'dendroid graptolites’, which present considerable 
resemblance to the Calyptoblastic hydroids, but they are 
closely related to the Graptolitoidea, which were probably 



Fig. 24. DUiyonema fiabeUifomt, Upper Cambrian. (Aftw Ruedema^) 
A, young £i^ with thread and di»c for attachment, x 3. B, complete 
c<diMiy. x}. 

derived from them through the genera CUmograptvA and 
Bryograptut. The beet known forms are Dendrograptua, Ptilo- 
graphta, Didyonema (fig. 24), and CciOograptua. These are 
usually much branched and tree-like, and some are fixed 
by a root-like structure, others by a thread or nema coming 
off from the point of the sicula (fig. 24 A). Transverse 
sections of Didyonema and Dendrograptua show that the 
branches are composed of two or three different types of 
individuals, somewhat resembling in this respect the recent 
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Calyptoblastetm forms CUUkrozoon and Orammaria. Those 
genera which possess a sicula and were suspended by a 
thread coming off from its pointed end appear to be closely 
related to the true ^ptolites; this relationship is more 
marked in the early species of Dietyonema than in the later. 

Didyonema {=J)ictyogr<^i>tus) (fig. 24) is found in the 
Cambrian, Ordovician and Silurian, and in the Devonian of 
North America, and has a funnel-shaped skeleton which con¬ 
sists of numerous radiating branches, placed nearly parallel 
with one another, and united by transverse bars. A sicula 
is present, but in later forms the nema is replaced by a 
root-like structure and the colony probably grew erect from 
the substratum. Of other dendroid graptolites Dendrograptus 
occurs in the Upper Cambrian and Ordovician, CaUograptua 
ranges from Ar^ig to Carboniferous, and Ptilograptus from 
the Arenig to the Ludlow Beds. 

ORDER XV. HYDROCORALLINA 

The skeleton in the Hydrocorallina is calcareous and has 
the form of encrusting or branching masses. It consists of 
a network of rods, in which there are tubes of two aises 
opening on the surface; the larger are c^ed gaslropores, 
and have horizontal partitions or tabulie; the smaller are 
named dactylopores. The skeleton is of ectodermal origm, 
and is perforated by a network of coenosarcal tubes, above 
which is a superficial layer of ectoderm. The polyps project 
above this layer, and are of two kinds: nutritive individuals 
or gastrozooids, which are placed in the gastropores, and 
dactylozooids placed in the dactylopores. The soft parts in 
the branching forms may extend throughout the skeleton, but 
in the massive forms they are limited to the superficial layers. 

MiUepora is an important rock-building organism at the 
present day, often contributing largely to the formation of 
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coral reefs; it haa been recorded from Cainozoic deposits, 
blit whether these examples really belong to that genus 
appears to be somewhat doubtful. Stylasier is a living form, 
and is stated to occur in the Afrocene. MiUeporidium from 
the Upper Jurassic of Strambe^ and MilUslroma from the 
Upper Cretaceous of Egypt may belong to this Order. 

ORDER V. STROMATOPOROIDEA 

In the Stromatoporoids the skeleton is calcareous, and very 
variable in form; it may be hemispherical, spheroidal, den¬ 
droid, encrusting, or aitc^ether irr^ular, and frequently 
forms large masses. It consists of a series of concentric 
laminss separated by spaces; these are crossed at right 
angles by rods or pillars, which give off horizontal processes 
at definite intervals; these processes join together and really 
form the laminss which are perforated by openings of various 
sizes. The pillars may pass only from one lamina to the next, 
or may be continued through a considerable number of 
laminm. The under surface of the skeleton is often covered 
by a thin imperforate layer, with concentric furrows, aimilfvr 
to the epitheca of many compound corals. On the upper 
surfaces of the lamina there are, in many forms, shallow 
grooves, having a stellate arrangement, and known as 
(utrorhiza\ these have bwn compared with the coenosarcal 
grooves of Hydra^linia and MiUepora. In some genera, as 
for example AcHnestroma (fig. 25), the two elements of the 
skeleton, the lamina and pillars, remain quite distinct, but 
in others, like Slromatopora, they become to a great extent 
blended together so as to form a more or less netted struc¬ 
ture; between these two types, however, there are inter- 
mediate forms. The first t}^ (Actinostroma) has been 
compared with Hydractinia (see p. 54), but is always cal¬ 
careous and forms larger masses; the second (Stromatopara) 
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shows some resemblance to MOUpora (see p. 75), and. like 
that genus, possesses vertical tubes with horizontal parti¬ 
tions (or tabulse*), but the tubes seem to be of one size 
only, and (^nsequently there is nothing to indicate that this 
type was dimorphic; it differs also in possessing radial pillars. 



Rg. 26. A, taDgentisl section of AetinoMroma initritxhim ehowing the 
radial pilUre. B, rertical eection ehowing the radial pillara and the 
formation of the concentric laminaB by proceaeea given off from theae. 
X 12. C and D, parts of A and B fnrtb« enlarged. From the Silurian 
Rocks. (After Nicholson.) 


From the structure of the skeleton, it has been inferred 
that the Stromatoporoids are Hydrozoa connected with both 
Hydradinia and the Hydrocorallina. According to this view 
the soft parts in the Stromatoporoids formed a continuous 
layer on the surface of the skeleton, and it is believed by 
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some authors that the polyps in some cases (t.g. Siromato^ 
pora) were placed in definite tubes, but in others tubes are 
absent and there are pores only in the external lamina. 
Another view of the systematic position of some of the 
Stromatoporoidea is that they are Foraminifera. This 
has been supported by a comparison of the structure of 
Actinostr<mia and Stromatopora with Gypsina, a foraminifer 
which is common in the tropical and sub-tropical regions; 
it is of encrusting habit, growing attached to corals or other 
objects, and often forms irregular spreading masses of large 
size. 

The Stromatoporoids are found mainly in the Ordovician, 
Silurian, Devonian, and Carboniferous Systems, being most 
abundant in the Devonian; frequently they are of con¬ 
siderable importance as rook-builders; some of the best 
known genera are Labechia, Stromatopora, Stromatoporella, 
Aclinostroma, Clathrodidyon, Idiostroma, and Amphipom. 
Stromatoporoids are imcommon in the Mesozoic, but a 
number of examples have been found in Triassic, Jurassio 
and Cretaceous formations. 

CLASS n. SCYPH020A 

The Scyphozoa (Scyphomedusae) or Acalephae include the 
larger and more conspicuous jelly-fishes, such as Aurelia, 
Jihizcstoma, and Pelagia. They possess no hard parts; never¬ 
theless their imj^essions have been found in various forma¬ 
tions. One of the best preserved is JRhizostomiUs, belonging 
to the Order Discomedusse, from the Lithographic Lime¬ 
stone (Upper Jurassic) of Solenhofen in Bavaria. 

Even in the oldest foasiliferous formations traces of sup¬ 
posed Scyphozoa have been found; the most satisfactory 
of these is Medusiw from the Lower Cambrian of Sweden, 
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referred to the Discomedus®, and from the Silurian of 
Thuringia. PcdoumutrU U found in the Devonian. Others, 
but of which the nature is doubtful, have been described 
by Walcott from the Middle Cambrian of Alabama and 
British Columbia. 

CLASS HI. ANTHOZOA (ACTINOZOA) 

This Class includes the corals and sea-anemones. They 
differ from the Hydrozoa (1) in possessing an cesophageal 
tube of sUmodceum, which is distinct from the cmlenteron, 
though opening into it; (2) in having the coelenteron divided 
up into chambers by vertical radiating partitions known 
as mesenteries; (3) in the reproductive elements being 
developed in the endoderm of the mesenteries and never 
on a medusa. 

The Anthozoa possess an apparent radial symmetry, but 
closer examination reveals a bilateral arrangement of their 
parts. In a typical form, such as the common sea-anemone 
or a simple coral (fig. 26), the body has a more or less 
cylindrical shape, and is attached by one end, the other 
haying an opening, the mouth (fig. 26,3), surrounded by 
tentacles (i). The mouth leads into the stcmodaum (3), 
which opens at its lower end into the ccelenteron. The 
latter is divided into chambers by radiating partitions, the 
meaenteria (fig. 26,4, and fig. 27, a—c), each of which 
consists of a diin gelatinous layer in the middle ^d a layer 
of endoderm on each aide. In the upper part of ^e polyp 
the inner edges of Uie principal mesenteries join the sto- 
modseum, but in the lower part they remain free, and a 
section in the former region (fig. 27) will show the body 
wall and also the stomodseum, but in the latter ^e body 
wall only. The tentacles (fig. 26, i) are placed immediately 


80 


AKTHOZOA 


above the mtermosenteric chambers, and the space in each 
tentacle U continuoas with that of the chamber below. 
A bilateral symmetry is indicated by the oval or sUt-liko 
mouth, and the similarly compressed stomodsum; also by 



Fig. 26. Semi-(ii*gramta*tio view of half a ComL (Partly after 

Bmime.) On the right aide the tiauca are represented ae transparent 
to show the arrangement of the theca and septa; on the left a mceentery 
is seen. 1, tentacle; 2, month; 3, stomodsenm; 4, mesentery; 5, mesenteric 
filaments, fret edge of mesentery; 6, ectoderm; 7, endoderm; 8, basal 
plate of skeleton; 9, outer wall (‘theca'); 10, columella; 11, eepinm. 


the arrangement of the longitudinal muscles which occur 
on one face of each mesentery, extending from the base of 
the polyp upwards (fig. 27). The sea^anemones have no 
hard parts, but the majority of Anthozoa possess a skeleton, 
which in many cases is quite external to the body, and is 
formed of carbonate of lime (fig. 26, 8,9); in others it is 
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internal and may consist of calcareous spicules, or of an 
axial rod of homy or calcareous material. The Anthozoa 
are divided into two Orders, (1) the Zoantharia, (2) the 
Alcyonaria. 

ORDER I. ZOANTHARIA 


In the Zoantharia the tentacles are generally numerous a nd 
are never eight in number, as is the case in the Alcyonaria; 
occasionally there are six only, but 
frequently a multiple of six, and 
they usually form several circles 
around the mouth. The tentacles 
arenearlyalways simple (fig. 26,i). 

The mesenteries (fig. 27,a, 6, c) are 
usually numerous also and form 
several cycles; those belonging to 
the primary cycle are formed first 
and reach to the stomodaeum; the 
other cycles (seoondary, tertiary, 
etc.) are successively smaller. The 
mesenteries are arranged in couples 
(fig. 27) with the longitudinal 
muscles of each oouple facing one 
another, except in the case of the 
couples situated at the grooved 
ends of the stomodseum, where the 



Fig. 27. DiAgnnmattcaeetion 

ofs {ng 

through the stomodaiun. a, pri¬ 
mary mMenteriee; 6, aecondary 
meeeateriM; c tertiary mesen- 
terie*; ti, e, primary meeenteri ee 
at the ends of the oompreeaed 
stomodaum. The musdee are 
indicated bythe thickeoingeon 
the meeenteriee. 


muscles are turned away from each other (d, e). Commonly 
there are six oouples of primary mesenteries, six of secondary, 
twelve of tertiary, and so on. The narrow space between the 
two mesenteries of a couple is known as an entoccdt ; the wider 
space between two mesenteries of adjacent couples is known 
as an exocaU. A skeleton is often present in the Zoantharia 
and may be calcareous or homy; when calcareous it is never 
composed of spicules but consists of aragonite fibres. 
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The Zoantharia comprise, (1) the sea-anemonea, which 
have usually been grouped together as the Ao^aria, and 
are unknown in the state, since they possess no hard 
parts; (2) the Antipathaiia—colonial forms in which the 
skeleton consists of an internal homy rod secreted by the 
ectoderm; these also are not found fossil; (3) the Madre* 
poraria, including the weU>known stony corals, which are 
very abundant as fossils. 

MAOREPORARIA 

The polyp of a Madreporarian coral has essentially the same 
structure as a common sea-anemone, but the ectoderm of 
the lower part of the body secretes a skeleton consisting 
of carbonate of lime (fig. 26, 8, 9). The entire skeleton is 
spoken of as the coraUum, and in compound corals the 
skeleton of each individual is termed a (aralltU. The parts 
of the skeleton may be solid, or they may be perforated, 
or formed of a network of rods. 

In a t}rpical simple coral (fig. 29} the skeleton has a more 
or less conical form; the base of the cone, on which the polyp 
is placed, is usually depressed, and is termed the calyx. The 
corallum is bounded by an outer wall (fig. 26, 9; fig. 28, d), 
and sometimes there is, outside this, another calcareous 
layer, the epithcca (p. 86). The whole space enclosed by the 
outer wall is termed the vicceral diambcr -, it is divided up 
by various partitions, the most important of which are the 
septa (fig. 26 , 11 ; fig. 28,6). These are vertical plates ex¬ 
tending from the margin towards the cenfre, and alternating 
in position with the mesenteries. The septa are of different 
sizes, some reaching the centre, others ^ing shorter; they 
frequently occur in series or cycles, of which three or more 
may often be disUnguished, the Imgest being the primary 
(6), the others the stcondary, tertiary, etc. Each cycle of 
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aepta agrees in position with the corresponding cycle of 
mesenteries, e.ff. the primary aepta are within the entocmies 
of the first cycle of mesenteries. In many corals found in 
the Paheozoic formations one of the primary septa (the 
cardinal septum) is much smaUer than those formed after 
It, and consequently appears, at the surface of the calyx, 
to lie in a pit or cavity, which is called a foasula (figs. 45, o; 
40 A, a). Usually only one fossula is present—the cardtnoi 
fossula, but sometimes others, known as the counter and 



Fig. 28. Pig. 29. 


Fig. 28. Diagrammatic Motion (horitontal) of a simple coral. «, oolu- 
meUaj b. primary septa;paK; d. outer wall (‘theca’); «, diMepimenu. 
Fig. 29. MonUivaltia troeMdes, Inferior Oolite, showing exsert Mpta. x 4 . 

aUtr fossula, are found (fig. 40 A, dd, e) (see p. 92). The 
tabulae are depressed where they cross the fossuhe. 

When the septa project upwards above the edge of the 
wall they are said to be exsert (fig. 29). The faces of the 
septa are sometimes plane, but usually have ridgee, granules, 
or spines. In Hdiophyllum and some other Palaeozoic corals 
the septa have narrow shelf-like ridges (carina) which are in¬ 
clined downwards from the centre of the coral to the margin 
(fig. 39). In some corals the septa are poorly developed, and 
may be represented by ridges only or by rows of spines. 

In the centre of the coral, where the larger septa meet, 
there is often a vertical rod, which extends from the ba s e 
of the chamber to the bottom of the calyx; this is the 
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cchtmeUa (figs. 28, a; 42, c). Its structure varies con¬ 
siderably; when it is solid and ends in a knob or point in 
tke calyx, it is said to be styliform; sometimes the top is 
porous or spongy. When the columella is formed by the 
twisting together of processes given off from the inner edges 
of the septa, it is false. In Rugose corals the columella is 
produced by the dilation of either the cardinal or the counter 
septum. Other vertical partitions, somewhat similar to the 
septa, are the pali (fig. 28, c); these are radiating plates 
attached to the columella and placed opposite the inner 
edges of some of the shorter septa, but not joining them. 
Baj^ or rods, known as synapticttks, are often found joining 
one septum to another. Similarly, adjacent septa are often 
connected by thin plates, which may be horizontal or oblique, 
usually curved, and are called dissepiments (figs. 28, e ; 
42, d); in some genera they are very abundant near the 
margin of the visceral chamber and form a spongy or 
vesicular tissue (fig. 41, d). Tabulos are more or less hori¬ 
zontal plates which cross the septa, and occupy the central 
part of the visceral chamber, or, when well developed, extend 
quite across it (figs. 41, 40 B); they may be flat, concave 

or convex, and are arranged one above another, so that the 
visceral chamber is divided into horizontal (X>mpartments. 
In some genera [t.g. TurbinoUa) the septa project outside 
the wall of the coral forming vertical ridges known as costas. 

In one family of Rugose Corals found in the Carboniferous 
there is a large cylindrical column in the centre of the coral 
which projects up into the calyx; it is formed of vertical 
radiating plates, representing the axial parts of the longer 
septa, crossed by transverse plates, representing the central 
parts of the tabube. Sometimes (fig. 44) the two elements »e 
distinct, in other cases they are less r^nlar and form a 
vesicular tissue (fig. 45). 
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The young coral polyp is a free-swimming animal; when 
it becomes fixed the first part of the skeleton to appear is 
a circular plate between the base of the polyp and the 
surface to which it is attached; on the basal plate radial 
ridges—the first traces of the septa^-are secreted in folds 
formed in the base of the polyp between each couple of 
primary mesenteries. The wall next appears at the edge 
of the septa, and is formed either by the union of the 
thickened ends of the septa, or as an independent secretion 
between the ends of the septa. At the edge of the basal 
plate an upgrowth may occur forming the epitheca outside 
the wall. For some time the polyp extends down to the 
base of the cup-like skeleton (fig. 26) and a fold hangs 
over the outside {fig. 26, 6 , 7); but as the septa and wall 
increase in height the lower put of the visceral chamber 
becomes (in most cases) more or less completely out off by 
the development of dissepiments or tabube which are 
secreted by the basal part of the polyp, and below which 
the soft parts do not extend. As growth proceeds more of 
these partitions are formed, and eventually a large part of 
the coral ceases to have any direct connexion with the 
polyp. On account of the septa and columella the basal 
wall of a coral polyp, unlike that of a sea-anemone which 
remains flat, b^mes greatly infolded; the infolds occur 
between every two mesenteries. The puts of the coral 
skeleton described above are entirely external to the polyp; 
but the synapticube, on the other hand, perforate the 
mesenteries and the basal wall of the polyp, and are formed 
by the growth and ultimate fusion of two opposite granules 
on the faces of adjacent septa. 

Some corals remain simple (t.e. consist of a single indi¬ 
vidual) throughout life. Others, which are simple in the 
young state, afterwards become compound and form colonies 
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by giving off buds. In budding, new individuals may arise 
irom the part of the polyp below the circle of tentacles 
(fig. 26, 0, 7), in which case a branching coral like Dendro- 
T^hyUia (fig. 30 A) is frequently formed; this mode of increase 
is termed lateral budding. In other cases buds arise on the 
upper surface of the polyp, and then the young oorallites 
are found inside the calyx of the parent—hence this is 
known as calicuiar budding (fig. 30 B). In baeal budding 



Fig. 30. A. DtndrophgOia 7ugr«$c«nt, ibowing conllitM which have been 
pr^ooed by lateral budding. Recent, x B. KodonophyUum iruTtcatumj 
showing oalionlar bodding, Wenlock Limestone. Natural aise. C. Clodo- 
ebontu eratm* (seen from above), showing basal budding. Carboniferous 
Limestone. Natural sixe. 

(fig. 30 C), which is common in the Aloyonaria, the buds 
spring from creeping prolongations or stolons, which are 
given off from the base of the coral. In different (wrallites 
of some branching corals all stages may be seen in the divi¬ 
sion of a single oorallite into two separate corallites. The 
calyx becomes oval, and then slighUy constricted in the 
middle; the constriction increases imtil two separate coral- 
litee are formed. This division appears to be due to the 
development of a bud on the oral surface of the polyp 
inside the circle of tentacles. 


ZOAKTHABIA 


87 


Whep the individual ooralUtes in a impound coral are 
free and diverge from one another, the corallum Is termed 
dendroid (fig. 30 A): when they are nearly parallel to one 
another it is/(uacu2ate (fig. 31). If the 
corallites are in contact and, owing to 
growth-pressure, polygonal in outUne, 
the corallum is massive. When in a 
massive coral the corallites axe nearly 
parallel to one another the corallum 
becomes basaUiform. In some massive 
corals the boundaries of the corallites 
tend to be indefinite; such corals are 
termed astrcsiform. fri the evolution of 
various groups of corals it is commonly 
found that the earliest form of a series 
is simple, and gives rise to a dendroid 
type, which later develops into a mas¬ 
sive form, and this in turn may become 
astraeiform. 

If the corallites are not in contact the spaces between 
the individual corallites are sometimes filled up with cal¬ 
careous material formed by the ccenosarc, and known as 
coenenchyma. In massive corals (e.g. Acervuiaria) ^e base 
of the corallum is -sometimes covered by a thin epithecal 
plate—the basal epitheca. 

In dendroid corals the polype on the different ooralUtes 
may be quite separate from one another; but in massive 
corals, whilst the upper parts of the polype are more or less 
sepuate, the lower parts are united and the coelentera of 
adjacent individuals communicate with one another. When 
ocenenchyma is present the polyps are united by mi exten¬ 
sion of the part which ordinarily occurs outside tiie theca, 
and now forms a sheet called the ccenosarc. 



Fig. 31. ZAAoelrolionjvn- 
eevm. Carboniferous lime¬ 
stone. Portion of a colony 
showing fasdoulate form, 
xf. 
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Microacopic examination of thin sections shows that each 
part of a ooral is formed of thin layers or grow^>lamell» 
which consist of fine needle^like crystals placed more or 
lees perpendicularly to the surfaces of the lamellse. In a 
dissepiment the upper surface only is covered by the soft 
parts, and a section shows (fig. 32) a series of lines parallel 
to the surface and other finer lines crossing at right angles 
are seen—the former mark the growthdameUse, the latter 
the crystalline fibres. In a septum both sides are covered 
by the soft parts, and a transverse section shows (fig. 33) a 



Fig. 32. Sc<tion of s dinepimeot of GtJazta. Mognified. 
g, growth*luneU«. (From M. M. Ogilvie.) 

median dark line or row of dark spots, on each side of 
which the structure is symmetrical. When the surface of 
the septum is plane, the lamella are straight, or nearly 
straight, and parallel with the surface, and the fibres are 
perpendicular; but when the surface is ridged the lamella 
are curved so as to be parallel with the ridges, and the 
fibres radiate out from the dark median spots toward the 
curved surface of the ridge (fig. 33). When the septa bear 
stria, granules, or spines, in addition to ridges, the folding 
of the lamella and the radiating arrangement of the fibres 
become more complex; but in all cases the structure is 
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directly related to the form of the surface. The dark lines 
and spots represent the part of the septum which was first 
secreted; their dark appearance may be due either to the 
less regular arrangement of the fibres or to the imperfect 


Fig. 33. TraiMT«rse section of pert of a >«ptum and theca of OaJaxea. 
Highly magnified, d, dark epota; g, growth-lanieUjB; a, granulo on 
septom. (From M. M. OgilTto.) 

calcification of the material of that part. In fossil corals the 
dark part has often undergone secondary changes which 
give it a more distinct appearance. 

In the development of a living Zoantharian coral six 
primary septa are first formed and appear simultaneously,^ 
one septum between each couple of primary mesenteries; 

* In some corals twelve sept* are first devdoped simultaneously, of 
which six grow more rapidly than the others and become the primary 
septa. 
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next six secondary septa are introduced between the primary 
septa, either simultaneously or in bilateral pairs from the 
dorsal to the ventral border; other cycles may subsequently 
be added in a somewhat similar manner, not simultaneously, 
but in successive bilateral pairs; in the adult all the septa 
have generally a completely radial arrangement. In the 
Bugose corals of the Paheozoic period the development* 
of ^e septa follows a different course. Instead of the six 
primary septa appearing simultaneously, two septa (ffg. 
34 A), one on each side, are first formed and meet in the 
centre of the coral—representing the cardinal (i) and counter 
septa (1') of the adult, on the ventral and dorsal sides 
respectively (fig. 40A, a, 6); next, two more septa (fig. 
34 B, 8) appear, one on each side of the cardinal septum, 
and as growth proceeds these become more widely separated 
from the cardinal septum, and eventually form the alar 
septa of the adult (fig. 40, c); afterwards, two septa (3) are 
added, one on each side of the counter septum, and these 
also spread outwards as growth proceeds (as indicated by 
the arrows in fig. 34 D). The six septa now present are 
regarded as the primary septa (1,8,3). The later septa (some¬ 
times termed mdaatpta) are introduced in pairs; these appear 
at four points—one septum on each aide of the cardinal 
septum (1), and one between each alar septum (3) and the 
primary septum (3). The two I>air8 which are first added 
(fig. 34 E, a) are attached to the cardinal sides of the 
primary septa 8 and 3; similarly later pairs (fig. 34 F, G, 6, c) 
^e introduced and are joined to the cardinal sides of the 
previously formed septa. As growth proceeds all the later 
septa (a—c), unlike the primary septa, gradually move 

^ TbU can be etudied by gredu&Uy grinding down the tip of a perfect 
apeoimeo. The arrangement of the eepta in Rugoae corals can aleo ^ seen 
either on the surface of the wall or by removing the thoca. 
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towards the counter septnm, as indicated by the arrows 
In iig. 34 G. 

In the adults of some Rugose corals (fig. 40 A) the arrange¬ 
ment of the septa is similar to that just described, so that 
on each side of the cardinal fossula and on the counter side 
of each alar septum the later septa (metasepta) have a 



JPIg. 34. l>OTeIopinont of the Mpta in a simple Ragose Coral, ZaphreniU. 
1—3, primary septa; 1, cardinal eeptum; 1', counter septum: S. alar septa; 
3, oounter-Iateral septa; a, fr.e, later septs (metasepta). (After Carruthors.) 


pinnate arrangement. In other genera, however, the pinnate 
plan is not seen in the adult (figs. 44, 45), sinoe in the later 
stages of growth all the septa either become free at their 
inner edges or unite only at the centre of the uoral; and in 
such oases, unless a fossula is present, the symmetry of the 
coral is nearly or quite radial. 

From the description of the septal development given 
above, it will be seen that the fossules are breaks in the 
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sequence of the septa. The cardinal fossula (fig. 40 A, a) 
is limited by the later septa added on each side of the small 
cardinal septum. The counter fossula, on the opposite side, 
where no new septa are introduced, is bounded by the two 
primary septa (d, d) which enclose the counter septum (6). 
The alar fossuhe are the spaces between each alar septum (c) 
and the newer septa which have been added on its counter 
side. 

The fossula hove regarded as pits or chambers for 
those mesenteries which alone were specialised for repro¬ 
duction. Another explanation of the nature of the cardinal 
fossula is that it is due to the presence of a groove on the 
ventral side only of the stomodaum, similar to that found 
in title living family 2k>anthida; it is thought that such a 
groove would acooimt for the small size of the cardinal 
septum. 

The Madreporarian corals have been divided into two 
main groups: (1) the Hexacoralla, and (2) the Rugosa. 

(1) Hexacoralla. The septa are arranged radially through¬ 
out life. There are six primary septa, and often other later 
cycles (secondary, tertiary, etc.). In development secondary 
septa are inrioduoed between all tiie primary septa, and 
later septa in a simile manner. The Hexacoralla were 
formerly divided into (1) Aporosa, in which the septa and 
wall are solid, and (2) the Perforata in which they are 
perforated. When the perforations are numerous the skeleton 
is light and porous and appears to consist of a network of 
rods. In living corals the perforations are traversed by 
canals of the soft parte. The separation of the Aporosa 
from the Perforata cannot be maintained since it has been 
shown that corals with a perforate skeleton have arisen 
independently from more than one group of Aporose corals. 
Moreover, in a few Rugose corals (e.g. Calostylic) and a few 
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TabulAte oorsls {t.g. Arcsopora) th© same perforate character 
is developed. 

(2) Rugosa. Septa and theca usually solid; tabulse and 
dissepiments generally well developed and clearly dliferen* 
tiated. The coral is usually bilaterally symmetrical owing 
to the pinnate arrangement of the septa and to the presence 
of one or more fossulse (fig. 40). New septa are introduced 
along four lines only. In the adult coral the bilateral 
symmetry may be more or less completely lost. The septa 
are usually of two sizes; long (or major) septa alternately 
with short (or minor) septa. Increase takes place by bud din g, 
The Rugosa are limited to the Palaeozoic formations; the 
name of the group is taken from the vertical ridges often 
seen on the wall of the coral. 

Formerly it was maintained that the Rugosa possess only 
four primary septa—the cardinal, the counter, and two alar 
septa, which divide the coral into quadrants; on account of 
this the name Tetracoralla has sometimes been used for this 
group. The study of the development of the septa has shown 
that there are really six primary septa, and the Rugose corals 
consequently agree in that respect with the Hexaooralla, so 
that it is possible that both may have descended from the 
same ancestors; the difference in the mode of development 
of the later septa, however, seems to indicate that the two 
groups soon diverged. A difficulty in accepting this view 
of their common ancestry is due to the fact that Rugose 
corals are found as early as the Ordovician, whereas the 
Hexacoralla are not known to occur in the Palaeozoic forma¬ 
tions. Consequently it would be necessary to assume that 
the Palaeozoic ancestors of the Hexacoralla did not secrete 
any hard parts capable of being preserved. Another view 
is that various families of Rugose corals are the ancestors 
from which a number of families of the Hexacoralla have 
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Sprung independently. If this were proved it would follow 
that the separation of the Hexacoralla as a group distinct 
from Rugosa would be unnatural. But for the present it is 
convenient to retain those two divisions. 


1. BUOOSA 

Columnarla. Compound, typically massive, with small 
copallitea Septa long or short, with expanded bases. Tabuhe 
generally complete. Dissepiments in a single series, vertically 
elongated, large, but sometimes absent. Ordovician to De¬ 
vonian; abundant in Upper Ordovician of North America. 
Ex. C. alveolata, Ordovician. 

Streptelasma. Simple, conical or turbinate, bilateral. Septa 
numerous, alternately long and short, dilated at the periphery. 
The major septa twist together at the axis. Cardinal fossula 
is present, but is sometimes indistinct. Tabul* irregular, sloping 
towards the periphery. Dissepiments poorly developed. Ordo¬ 
vician and Silurian. Ex. S. comiculum, Orfovician. 

PalSBOcyclus. Small, simple, discoidal, with flat base. 
Septa strong, spinoee, almost touching, exsert, the longer 
reaching the centre of the ©oral. Fossula distinct. No tabule 
or dissepiments. Silurian. Ex. P. porpiUt. 

Cetophyllum (fig. 35). Turbinate or conical. Septa numerous, 
alternately long aad short, but extending only a short distance 
into the visceral chamber, the central part being occupied 
by tabulse. Four shallow fossulss are preset. No oolumeUa. 
Peripheral zone is formed of large dissepiments and is relatively 
narrow. The epitheca often gives off root-like proo ooooe . Bala 
to L. Ludlow. Ex. 0. suiturbinotum, Wealock Limestone. 

Cystiphyllum (fig. 36). Nearly ^ways simple, conical or 
cylindrical. Septa absent or rudimentary; visceral chamber 
filled with vesioiilar tissue, the outer part consisting of dissepi¬ 
ments, the central part representing tabulss. Fossula sometimes 
present. Columella absent. Calyx often s shallow basin, com¬ 
monly with ridges representing septa. Silurian. Ex. C. cyHn~ 
drieum, Silurian. A similar form, MetophyUum, is common in 
the Devonian. Ex. M. veaiculoeum. 



Fig. 56. Ceioph^um «i6<ttr&iivxh(m, Siluriin. A. Horizoatel aection. B. 
Vertical section. A, cardinal septina; u, alar septa; g, counter septum; 
«, dissepiments: *. tabula. (From Nicholson.) The name Omphyma is not 
valid. 0. tvbturhinala belongs to the genus CetophyUum. 



Hg. 56. CirsftpAyUuin cyliadricum, Wenlock Limestone. A, horixontAl; 
B, vertical section. (From Nicholson.) x2. 
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CalceoU (flg. 37). Simple, conical or slipper-shaped, one 
side is flat, the other convex; calyx veiy deep and closed by a 
semilunar operculum, which has on its inner surface a strongly.. 
marked median ridge and several loss prominent lateral ridges; 
septa indicated by stri® in the calyx; wall thick. Middle 
Devonian. Ex. C. Bondalina- 


A B 



Pig. $ 7 . Coleeola Mnialino, from the Middle Devonian. A, showing in¬ 
terior of calyx; B, inside of opercnlom of the same. Natural size. 

Goniophyllum. Siindar to CoZceola, but quadrangular; 
opercultun consists of four plates forming a pyramid over calyx- 
Visceral chamber filled with vesicular tissue. Silvirian. Ex. 
O. fitUheri, Wenlock Limestone. An operculum also occurs in 
the genus RhizophyUwn, Silurian. 

Kodonophyllum. Compound; corallites ttsually turbinate. 
Septa dilated peripherally; the longer usually meet at the axis 
where they form a pseudocolumella. Tabulae slope down- 
wairds from the axis. No disaepiments. Buddi n g caUcular; 
buds small, near the margins of the oorallitea. Silurian. Ex. K. 
tnautOunu 

Xylodes. Compound, dendroid or fasciculate. Budding 
calicular, the buds near the margin. The longer septa reach 
almost or quite to the axis; the shorter septa may be two-thirds 
of the length of the longer, or shorter. Tabulse occupy the central 
part of the oorallite, difrerentiated into a broad inner series and 
a narrow outer series. Dissepiments small, numerous. Silurian. 
Ex. X. articulatxu. 

Spongopbylloldes. Simple, sub-turbinate to sub-cylin¬ 
drical. Septa wavy or zigzag, reaching or nearly reaching the 
axis. Tabul® small, close together. Disseiuments form a broad 
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zone of veaioular Uasue, into which the septft do not penetrate. 
Silurian. Ex. S. grayi. 

Acervularla (fig, 38). Compound, massive; corallites with 
an outer polygonal (frequently hexagonal) wall, an *nnAF 
circular wall formed by the thickening of the septa. Septa 
weU developed, the longer reaching the centre where they may 
twist together. Tabulss extend across the greater part of r.hw 
visceral chamber; those inside the circular wall are irr^^ar 
and slope downwards towsuds the axis; th(Me outside the wall 
horizontal and fiat. Dissepiments form a narrow peripheral 
zone of vesicles. SUxtrian. Ex. A. ananas. 




Fig. 38. Aurvularia luxitrians, Weolock Limestone. Horiscmtal and 
vertical sections of one oorallite. (After Lang and Smith.) x2. 


Phlllipsastrsea (sSmithia). Compound, massive. Septa 
numerous, becoming thickened between the majg tii anH centre 
of the corallite; only the longer septa extend inside this thick¬ 
ening towards the centre of the corallite. Septa of adjacent 
corallites often confluent. Septa usually with carinte. Outer 
wall of corallites thin or absent. No columella. Tabulae and 
dissepiments well developed. Devonian. Ex. P. hsnnahi and 
P. pengeilyi. 

Piismatophyllum. Compound, massive, with thin wall. 
Septa may or may not reach the axis; typically with oarinse. 
Main part of tabule horizontal, but the peripheral parts sloping 
downwards. Tjqncally numerous, small, globoee dissepiments. 
Devonian. Ex. P. davidtoni. 
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Hellophyllum (fig. 39). Usually simple, turbinate. Septa 
bear carinss. Devonian. Very common in North America. Ex. 
B, HaUi. 

Petrala. Simple, conical or eub>cylindrical, slightly curved; 
calyx very deep, semetimee reaching almost to the base of the 
coral. Septa close together, of two sizes, little developed except 
in the lower th^ of the coral where they reach the centre. 
Tabulas ath;! dissepiments usually absent; no columella. Silurian. 
Ex. P. radiata. 

Cyathaxonla. Simple, turbinate or elongate-conical. Septa 
reach the columella, which is large and solid. Fossula present. 
Tabula sometimes present. No dissepiments. Carboniferous. 
Ex. C. cornu. 

Zaphrentls (fig. 40). Simple, free, bilateral; turbinate, 
conica^ or cylindrical, often curved; calyx deep; theca thick. 
A well-marked cardinal fossula is present. Septa moderately 
numerom, the larger reaching very nearly or quite to the 
centre, the smaller usually short. Tabulae well developed, ex¬ 
tending quite across the visceral chamber. No true dissepi¬ 
ments. Columella absent. Devonian and Carboniferous. Ex. 
Z. delanoueit Carboniferous Limestone. 

Canlnla. Form similar to Zaphrentis but often cylindrical, 
slender, and very long. The longer septa meet in the centre 
(as in Zaphrcntic) in the young stages, but in the later stages 
the septa are short and the central part of the coral is occupied 
solely by tabulae. No columella. In the simplest form. C. cornu- 
eopioB, there are no dissepiments, but in all other species a 
][>eriphera] ring of more or less vertical dissepiments is present 
in the adxilt part. C-arboniferous. Ex. C. comucopice, C. eyffn- 
drtco. 

Amplexus. Similar to Zaphrenth, but generally cylindrical 
and with the septa only fully developed on the upper surface 
of the tabulw; in later stages the septa become progressively 
shorhT. Devonian and Carboniferous. Ex. A. coraiioidcc, Cnr- 
boniferouH. 

Palseosmllia (fig. 41). Simple or compound: often massive. 
Septa numerous, of two sizes, alternating, the longer reaching 
the centre. Foasula often absent. Tabula: rather small, occu¬ 
pying the central part only of tlie visceral chamber. Dissepi- 
ments form an extensive peripheral zone of vesicular tisstie. 
C'arboniferous. Kx. P. mureJiitoni, P. regiwn, Carboniferous. 



I 



Fig. 39. HelicphyUwK eU^otUvlvm, DeToaUiu A. HorizonUl aoction. 
B. Vertical eectioo. A, cardinal eeptom; g, counter septam; e, Teeteular 
disMpimcnts; (, tabuln; r, earin» on septa. (From Nicholson.) x2. 


» 



Fig. 40. ZaphrtntU ddanouei. Carboniferous Limeatono. A. Horitontal 
section; a, cardinal septum in foesula; b, counter septum; c, alar septa; 
d, counter-lateral septa bounding the counter fossula; e, alar foes»)» 
B. Vertical section showing tabul« bending down into the cardinal 
fossula (a): (h). counter side. x5. (Drawn by R. O. Camithen.) 



Fig. 41. Folamsmi/M murcAisoni, Carboniferous Limestone. Portion of a 
vertical section, d diseepiments; t tabula. 
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Llthostrotlon (figs. 31, 42). Compound, either massive and 
with prismatic corallites, or formed of separated, nearly parallel, 
cylindrical corallites (fasciculate). Septa well developed, alter¬ 
nately long and short. Columella rod-like, lat^ally com- 
p roeoo d. Dissepiments well developed except in small forms. 
Tabuls wide, usually tent-shaped. Fossula often distinct. Car¬ 
boniferous. Ex. L. hMoUi^orme. 

Lonsdalela (fig. 43). Compound, either massive with poly¬ 
gonal cor^lites, or fasciculate with cylindrical corallites. Septa 
do not reach the opitheca, the marginal part of the corallite 
being formed of dissepiments only. Tabtdse more or lees nearly 
horizontal, widely spaced; central column similar to that of 
DibunophyUxan. Carboniferous. Ex. L, duplioata. 

CUslophyllum (fig. 44). Simple, turbinate or sub-oylindrical. 
Septa numerous, alternately long and short; a well-marked 
cardinal fossiila. The large central column consists of vertical 
radiating plates crossed obliquely by inclined platee, and forms 
a prominent projection in the calyx; there is a short median 
plate. The column is surrounded by a zone formed of tab\ils, 
and external to this is a large zone of small dissepiments. 
Carboniferous. Ex. C. bipartitum, 

Dlbunophyllum. Like Cliaiof^yUum but with a strong 
median vertical plate across the central column. Carboniferous. 
Ex. D. muirkeadi. 

Aulophyllum {^CychphyUxm) (fig. 45). Similar to Clino- 
phyUum but the centiral coltunn is more distinctly limited and 
is finely vesicular since both vertical and inclined plates are 
more numerous; it is produced on the fossular side into an 
angular or ridge-like projection. No medial plate. Xabulse slope 
towards the periphery. Carboniferous. Ex. A. fungiUa. 


i. HBXACOBALLA 

Turbinolla. Simple, conical, free; calyx circular, with pro¬ 
jecting columella.' Septa exsert Costee lamellar, projecting, 
with pite in the grooves between them. No dissepiments or 
tabulA. Eocene, Oligocene, and Recent. Ex. T. Aumifis, 
Barton Beds. 





Fig. 43. Lontdaleia dupUcaiOy Carbonifwoiu Lunevtond. 
c, centnl column; <2, dissepiment*; t, tsbul». x 1|. 



Fig. 44. Fig. 45. 


Fig. 44. Cli«iophy(km bipartitwnt Carboniferons limestone. Horismitsl 
se^on showing the large oentrsJ column. Natural size. 

Fig. 45. AvlophyUum [Cydophyllum] fungiUt, Carboniierons Limestone. 
Horizontal section, a, csrriii^ fossnla. xlf. 




102 


ANTHOZOA 


Flabellum. Simple, oompreesed, fan-shaped, free or fixed 
by rootlets. Calyx narrow, deep; septa nxunerous. Columella 
trabeculate. Costa smooth or sjnny. Upper Cretaceous to 
present day. Ex. J^. u>ood», Coralline Crag. 

Montllvaltla (fig. 29). Siix^e, fixed or free; turbinate, 
oylindrioal, conical, or disooidal. Epitheca well developed, 
corrugated. Columella absent Septa numerous, strong, often 
exsert, the upper edges dentate. Dissepiments abimdant. Trias 
to Cretaceous: in En^and, Inferior Oolite to Corallicui. Ex. 
M. trochouUat Inferior and Great Oolite. 

Parasmilla. Simple, fixed, turbinate or elongate. CsJyx 
circular. Columella spongy. Septa well developed, exsert, 
granular on the sides. Wall with vertical ridges. Cretaceoiis 
to present day. Ex. P. eentralit, Chalk. 

Isastrsea. Compound, massive: calyces polygonal. Colu¬ 
mella rudimentary or absent. Septa and close together. 
Dissepiments abundant. Synapticulee present. Trias to Eocene; 
in England, Inferior Oolite to Upper Greensand. Ex. I. ex- 
pkmata, Corallian. 

Styllna. Compound, \isually massive: calyces oircideur, pro¬ 
jecting, usually separated. Columella small, styliform. Septa 
exsert. Dissepiments fairly abundant, flat. CoralUtes united by 
coste. Basalepithecawithfolds. Trias to Cretaceous; in England, 
Inferior Oolite to Corallian. Ex. S. tubuiifera, Corallian. 

Thecosmllla. Compound, dendroid or rarely almost massive. 
Multiplication by fission. Margins of calyces irregular. Colu¬ 
mella rudimentary or absent. Septa strong, upper edges den¬ 
tate, more or less exsert. Dissepiments abundant. Epitheca 
thick and folded, but often not preserved. Trias to Cretaceous; 
in England, Lias to Corallian. Ex. T. annulorie, Corallian 
and Kimeridgian. 

Holocystls. Compound, massive, convex; calyces polygonal. 
Columella very small or absent. Corallites united by their walls 
or by costn. The four principal septa are much better developed 
than the others. Tabulae well developed. Lower Greensand. 
Ex. H. elegane. 

Thamnasterla. Compound, massive; convex or laminar. 
Walls of the corallites indistinct. Calyces shallow. Septa 
formed of fan-shaped rows of rods; the eepta of adjoining 
oorallitee confluent; faces of septa with granulations. Columella 


103 


ZOANTHAEIA 

amaU, ^b^ato. rMaaepimants present, synaptioulffl numer- 
oua. Ua^y a basal epitheca. Trias to Miocene; in England, 
Infenor Oolite to Upper Greensand. Ex T. lytUi, Groat OoUte, 
Mlcrabacla. Simple, free, discoidal, base concave. Colu¬ 
mella fal^. Septa numerous, with their outer edges perpen- 
dicker. SynapticuhB present. Wall on the base only, thin; 
oo^ granular. Up^ Cretaceous. Ex. M. wronula. 

Gonlopora (sLUhanga). Compound, massive, perforate. 
C^yces more or less polygonal. Septa well developed, the faces 
Hpmy, the upper edges dentate. Walls of the corallitas reticulate. 
Columella formed by the ends of the septa. Cretaceous to 
pr^nt day, common in Eocene. Ex. Q. toefrrieri, Bracklesham 
Beds. 


ORDER II. ALCYONARIA 

The Aloyonaria are nearly all colonial organisms; ths polyps 
possess eight mesenteries and eight tentacles, the latter being 
provided with pinnules (fig. 46,4). In the stomodieum there 
is only one groove with cilia, and the longitudinal muscles 
(fig. 47, 6) on the mesenteries are all directed toward the 
groove. All the mesenteries reach the stomodaum (i). The 
nature of the skeleton varies considerably; in Alcyonium it 
consists of isolated spicules of carbonate of lime embedded 
in the common gelatinous base from which the polyps arise. 
In some cases it has the form of an axial rod surroimded 
by the coenosarc; this rod may consist of homy material 
(e.y. Qorgonia) or of carbonate of lime (s.p. CoraUium, the 
red coral), or it may be formed of alternating segments of 
homy and of calcareous material as in laia. In the ‘organ- 
pipe coral’ {Tubipom mwrica, fig. 48) the skeleton consists 
of numerous parallel tubes or oorallitea (a) which are not in 
contact but are held together by horizontal calcareous 
plates or ‘platforms ’ (6). The walla of the corallites, although 
apparently quite compact, are really composed of spicules 
which have serrated edges and are firmly fitted together. 
A single polyp lives at the summit of each corallite; 
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spicules occur in the middle gelatinous layer (mesoglcea) of 
the polyp, and in the lower part become interlocked to form 
the solid wall of the corallite. The interior of each oorallite 
is divided up by tabulse which are often funnel-shaped 
(fig. 48, c). 





Fig. 46. Part of a cokmy of Alcyoniwn dtgitolum abowing thirteen polypa 
in Tarioua etagee of teUaction and expanadon. (From Shipley and 
HaoBtide.) 1, month; 2, atomodcnm; 3, meaenteriee; 4, tentadee. x8. 

In some of Alcyonaria, as for example PenruUuia, 
there are in addition to the ordinary polyps (or axUotooida) 
others of a more rudimentary character, known as stpAono- 
zooids, in which tentacles are absent. 

The blue corad {Heliopora), which is abundant in the 
Indian and Pacilio Oceans, differs firom other living Alcyo¬ 
naria in that the skeleton consists of calcareous fibres 









Fig. 47. Tranarerae tectioo through a polyp of Alcsfonivn di^um in 
the region of the atomodaum. k about 120. 1, oaritj of siomodwom; 
2, Tootral groove with dlia (aiphoaoglyph}: 3, eotoderzn; 4, gelatinous 
layer; 6, endoderm; 6, moaclea of mesenteries; 7, oarity between meaeD> 
teries. (After Uicksoo.) 
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instead of spicules, and in this respect resembles the 3£adre* 
poraria. Heliopora has the form of branched or lobed 
masses, and is composed of tubes of two sizes; the larger 
tubes or corallites are circular and possess usually fifteen 
spine-like proj ections at their 
summits with ridges below; 
theee are called pseudosepta, 
since they are not related to 
the number of mesenteries 
and do not correspond with 
true septa. The smaller tubes 
form a ccenenchyma between 
the corallites, and are more 
irregular in form. Both coral 
lites and ooenenchymal tubes 
are divided by horizontal 

pUtes or tabuto. The soft A .ingte 

V. • polyp ““ adjacent soft part*, 

parts form a thin sheet over a,theproj»ctingp*rtofthepo]ypwith 
the surface of the skeleton; oigkt pinnate tentacles: b, lower part 

polyps(fig.49.o,6)ai:«pIaced (Alter 

in the corallites and give off 

branching tubes (d) which cover the ooenench 3 rma and send 
blind prolongations or caeca (e) into its tubes. The caeca were 
formerly regarded as siphonozooids. 

Aloyonaria are rare as fossils, unless the ‘Tabulate Corals' 
of the Palaeozoic, described below, be included in that group. 



Tabulate Cobals 

In the Palaeozoic formations numerous compound corals 
are found, the systematic position of which cannot yet be 
established; they are characterised by tiieir numerous and 
well-developed tabulae, by the septa being, in most cases, 
represented by ridges or spines only, and usually by the 
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long, slender, tube-like corallites. Some of these corals 
present considerable resemblance to living Alcyonaria; for 
example, Syringopora is similar to Tubipora, and Hdiolitea 
to Hdiopota,'. on account of this, many authors maintain 
that these fossil forms belong to the Alcyonaria, but this 
relationship is denied by other -writers who point out that 
the skeleton is not formed of spicules, but is MmilAf in 
structure to that of Zoantharian corals, and further that 
there is a close resemblance between Favoaitea and the 
living Zoantharian Altnopora. Other views of the affinities 
of these Palseozoic corals are (1) that they do not belong to 
either the Zoantharia or the Alcyonaria, but constitute an 
isolated group of the Anthoroa, (2) that they have been 
derived fiom early forms of the Rugose corals, of which 
they form a specialised offshoot; the evidence for this view 
appears to be furnished chiefly by the Heliolitidffi. 

A few species which appear to be allied to the Palseozoic 
forms have been found in deposits of Mesozoic age. 


Syiingopora (fig. 50). Compound; corallites tubular, for 
the most part not in contact, more or lees parallel to one 
another. The interiors of the 
different corallites communi¬ 
cate by means of horizontal 
connecting tubes. Septa feebly 
developed, generally repre¬ 
sented by spinee. Tabults nu¬ 
merous, more or lees funnel- 
shaped. Budding basal. Llan¬ 
dovery to Carboniferous lime¬ 
stone. Ex. S. reticulata, Car¬ 
boniferous. 

Syringopora agreeB with Tu- 
bipora (fig. 48) m consisting of 
parallel, cylindrical corallitee, which have funnel-shaped tabulie, 
and in its basal budding; it differs fzom Tvbipora in having 



Fig. 50. Syringopora reticukita. Car¬ 
boniferous Limestone. Horkontal 
andverticalsectionsofeoraUites. xO. 
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much thicker walls which are not composed of ^icules, and are 
not perforated by minute canals; also in the tabuUe being much 
lees regular m form and position, and in possessing septa in 
the form of spines. The platforms of Tvbipora (which are 
traversed by canals opening into the oorallitee) are represented 
by the connecting tubes of Syringoporai in one speoies of 
Syringopora (5. UtbuhUa) the resemblance is particularly close, 
sinoe the connecting tubes are given off from the oorallitee at 
definite levels in a radiating manner. On the other hand it 
must be noted that Hetfirocomia provindalis, an Aporose coral 
from the Chalk, closely resembles Tvbipora in its general build. 



fig. 51. FavotUti, Sdorian. A, horizontal; B, vertical section. 

60 , ycnmg corallite. (From Nicholson.) x6. 

although having no relatioaship to the latter. No fossil forms 
which would connect the Paleozoic Syringopora with the recent 
Ttibipora have been found in Mesozoic or Tertiary formations. 

Favosites (fig. 61). Compound, massive, sometimes branched. 
CoralUtes long and polygonal; the walla are in contact but not 
fused, and are perforated by pores ('mural pores*) arranged 
in rows along each face. Septa absent or represent<^ by rows 
of spines. TabuUe numerous, regular, generally extending quite 
across the corallite. Basal epitheca present. Bala to Carboni¬ 
ferous Limestone. Ex. F. gothlandica, Silurian. 

Favorites is related to Syringopora, but the oorallitee are in 
contact, and consequently connecting tubes are absent, though 
probably represented by the mural pores. The living Madre- 
porarian Aheopora agrees in general structiure with Favorites, 
but its walls are lees compact, and its basal epitheca is quite 
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email; the development of the colony also differe, and it ie 
prob^le that the reeemblanoee between the two genera are due 
to bomoeomorphy rather than'relationship. Some corals {«.g. 
Koninchia, Uhaghaia) which resemble FavoHUs are found in 
the Upper Cretaceous. Alvtopora is foimd living in the Pacific 
end Indian Oceans and the Red Sea, and has been recorded 
from the Upper Cretaceous of Portugal, and from the Oligocene 
of Styria. 

Pachypora. Similar to Favo9it€s, but the walls of the ooreJ* 
lites are greatly thickened, especially near the surface of the 
coral, by a secondary deposit of carbonate of lime. Silurian to 
Carboniferous. Ex. P, cervioomit, Devonian. 

Alveolites. Allied to Favotiu^. Massive, encrusting, or 
branching. Corallites small, laterally compressed, and more or 
lees trian^ar in section; walls moderately thick, with a few 
large mural pores. Usually a ein^e septum. SUuriaa and 
Devoniem. Ex. A. iabtchei, Silurian. 

Pleurodictyum. Compound, discoidal, attached by part of 
the base, upper surface slightly convex. Corallites diverge from 
the centre of the base; walls thiok, with irregular porea. Septa 
r ud i m e n tary. Tabtihs not numerous, more or lees united. 
A basal epitbeoa. Devonian and Carboniferous. Ex. P. prcbU- 
maticum, Devonian. 

Mlcbellnia. Similar to Pleurodiclyum, but the tabuls are 
more numerous and form a vesicular tissue, and root*like pro¬ 
cesses are usually given off from the epitbeoa on the base of the 
coral. Devonian and Carboniferous. Ex. M. favota. Carboni¬ 
ferous. 

HelloUtea (fig. 52). Corallum compound, massive or branch¬ 
ing, formed of tubes of two sixes; the larger circular ones are the 
corallites, between which are the smaller polygonal tubee form¬ 
ing the ccenenchyma. Tabule occur in both, and are complete 
and horizontal; in the corallites septa may be absent, but, 
when preeent, they are short, lamellar or spinose, and generally 
twelve in number. Columella sometimes found in the corallites. 
Bala to Devonian. Ex. H. poroaue, Devonian. 

In general structure Heliopora is amilar to Htlioliiea, but is 
more branching, whilst HefioftCes forms rounded or encrusting 
masses; further, the smaller tubes which form the ccenenchyma 
branch dicbotomoxisly in HtUdUet, but in Heliopora new tubes 
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axe introduced between the older ones. By many writera these 
two genera are considered to be closely allied, but the relation¬ 
ship is denied by others, who state that important differences 
are foimd in the structure of the corallite walls and septa. 
According to LindstrSra and others, the oorallites of Heftofties 
possess a distinct and independent wall (theca) and also have 
true septa, whilst in Btliopora the oorallites are simply bounded 
by the walls of the ccenenchymal tubes, and poswes pseudo- 
septa instead of septa and these have the form of ridges except 
at the opening of the oorallites. Bourne, on the other band, 



Fig. 52. pwom, Devonian. A. Horisontal section. B. Vertical 

seotton. a, oorallitos; b, tnbes forming the comenchyma; «, tabuto. x fi. 


considers that the oorallites of HdioUUt possess no independent 
wall, and agree in this respect with Heliopora. Although the 
coonenchyina of HelMiUs resembles closely that of Htliopora, 
yet Lindstriim and Kihr rxiaintain that it has originated inde¬ 
pendently in the two genera, and cannot be taken as evidence 
of relationship; this view is based on a study of the develop¬ 
ment and phylogeny of HelioliUs, and leads to the conclusion 
that that genus and its allies constitute a specialised offshoot 
from the early Rugosa; it is claimed that HtUoliUa has 
descended from oh earlier HelioUtid in which the cccnenohyina 
is vesicular instead of tubular, and that the circular corallite 
wall of the Heliolitids is equivalent to the inner circular wall 
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of AurvuLaria and EndophyUtum, whilst the co&nenchyma repre* 
Bents the vesicular dissepiments of those genera. The great 
interval of time between the last appearanoe of Htlu>liU9 and 
first appearance of Heliopora lends support to the view that 
these genera are not closely allied; the former and its allies 
are not known in rocks of later age rHim the Devonian, while 
the latter has been recorded in rocks of Cretaceous and later 
date only. 

Plasmopora. Allied to HeiiolUet. Usually discoidal or 
hemispherical. Walls of smaller tubes incomplete or absent, 
and tl^ir tabular forming a vesicular tissue. Septa in coralUtee 
lamellar, and prolonged outside each calyx, so as to enclose 
large spaces of uniform size. Basal epitheca with conoentrio 
ridges. Ordovician to Devonian. Ex. C. peialiformis, Siliuian. 

Propora. Allied to PUumopora. Edges of calyces pro¬ 
jecting; septa represented by spines, and not prolong^ outside 
the calyx to enclose large ^>acee. Ordovician to Silurian. 
Ex. P. tabukUa, Wenlock Limestone. 

Halysites. Compound; corallitee long and tubular, arranged 
in a single row and united at their sides so as to form lamines, 
which intersect; in some species the corallitee are of two sizes— 
the smaller perhaps represent the coenenchymal tubes of Helio- 
IxUa. Epitheca thick. Septa absent or repreeented by spines. 
TabulA well developed, horizontal or concave. Llandeilo Bods to 
Wenlock limestone. Ex. H. catenvlaria, Wenlock Limestone. 

Chsstetes. Massive, often laminar, consisting of slender, 
tube-llke polygonal coralUtee which are contiguous; walls often 
incompletely formed and may give the appearance of a soUtary 
septum. Tabulte thin, complete, widely separated. No septa. 
Probably no mural pores. Chiefly Carboniferous. Ex. C. radiant. 

Disirib^ion of the ArUhozoa 

Zoanlharia. From the point of view of their distribution 
at the present day, the Madreporaria may be divided into 
two groups, the solitary and the reef-building. 

The solitary corals (t.e. the corals which do not form 
reefs) are found in almost ail latitudes, but live mainly in 
rather deep water, the larger number occurring between 
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depths of 50 and 1000 fathoms; some few {e.g. Caryophyllia) 
live in quite shallow water, whilst oUiers inhabit the depths 
between 1000 and 2900 fathoms. Those which live in the 
deep sea, where the temperatxire is low and the light weak 
or absent, are mainly simple cup corals or delicately branch¬ 
ing forms, and many have thin, fragile skeletons. The species 
of solitary corals have a wide geographical distribution, but 
they extend only a short way back into the geological 
record; thus not a single living species is found fossil in 
the English Cainozoic formations; about a third of the living 
genera, however, are represented in Gainozoic rocks, and a 
few (e.g. Caryophyllia, Parasmilia, Trochocyathus) occur in 
Mesozoic formations. 

The diatrihntinn of reof-building corals is limited by both 
depth and temperature, and is also influenced by light and 
salinity. Thus they are found mainly between the shore-line 
and 14 fathoms, but some extend down to 26 fathonas and 
a few even lower. The maximum depth at which a true reef 
will form is 25 fathoms. Reef-building corals thrive only 
where the average temperature of the coldest month of the 
year is not lees than 70* F. and where the usual temperature 
is from 77® to 86* F. Since, owing to currents, the waters 
along the western shores of continents are colder than those 
along the eastern shores the great coral reefs to-day are 
found in the tropical parts of the mid- and weet-Pacific, 
the Indian Ocean and the Red S<A, and the tropical and 
sub-tropical parte of the west Atlantic Similarly reef corals 
outside the tropics under the influence of warm 
currents, as in the Florida reefs and the Bahamas, and 
southern Japan. At the present day the reef-(x»al faunas 
of the Atlantic and the Indo-Pacific regions differ con¬ 
siderably. The latter are more numerous in species and more 
luxuriant in growth than those in the Atlantic, and include 
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several genera not present in the Atlantic. Similarly there 
are wnio genera in tlie Atlantic not known in the Indo- 
Pamfic region. The two faunas, however, wore not always 
80 distinct, since several genera which are now con6ned to 
the Indo-P^c region have been found fossil in the OUgo- 
cone and Miocene of the West Indies and. the south-eastern 
part of the United States. 

The growth-form of reef corals, oven those of the same 
species, is influenced largely by external conditions. In the 
quiet water of the lagoon, and outside the reef below the 
depth at which wave action is felt (18-25 fathoms), the 
corals are mainly forms which are only weakly attaclied to 
the bottom or have fragile skeletons consisting of slender 
branches or laminm. While on the exposed part of the reef 
the corals have a massive growth-form or are composed of 
stout branch^. The rate of growth of corals differs in 
different species, and in each species varies according to 
local conditions. In the reefs of Florida OrhiaUla annularU 
is the predominating coral, and its upward growth is from 
5 to 7 mm. por annum. In Acropora palmata the upward 
growth is from 25 to 40 mm. per annum. But a comparison 
bas<vi on the increase in weight shows that Acropora grows 
nearly four tunes as fast as Orbicella, and it is estimated 
that a reef composed of it would grow upward at a rate of 
one inch in a year. Branching corals increase in dimensions 
more rapidly than massive forms. In the former the growth 
rate of those with perforate skeletons is more rapid than 
those with dense skeletons. In the Pacific the growth of 
raaasivo corals appears to be more rapid than that of similar 
forms in the Atlantic Ocean. Under favourable conditions 
some colonies attain a diameter of from 6 to 10 feet. 

Although corals are sedentary animals, some of the 
species and genera have a wide distribution. This is due to 
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the long duration of the free-swimming larval stage, during 
which distribution is effected by ocean currents. 

Corals, with possibly one or two exceptions, can only 
exist in salt water; but Madrepora cribripora is said to 
inhabit nearly fresh water. Clear water is likewise generally 
necessary, but one species, Porites limoaa, thrives in muddy 
situations. In geological times, and especially in the Paleeo- 
zoic and Mesozoic periods, the reef-building corals had a 
much wider geographical range than they have at the present 
day, and their remains occur abimdantly in various forma¬ 
tions in temperate and even polar regions; but in the course 
of the later Cainozoic period the range of the reef-builders 
became more and more restricted until the present limits 
were reached. 

The Zoantharia found in the Palaeozoic formations belong 
to the Rugose group. The other common corals of the 
Palaeozoic are the Tabulates, the systematic position of 
which is uncertain. In the Mesozoic and later formations 
the Hexacoralla are abundantly represented. 

Akyonaria. The Alcyonaria occur in all parts of the world, 
and are found at all depths from the shore-line down to 
2300 fathoms, but they are most abimdant at depths of less 
than 100 fathoms; beyond this limit the number of species 
gradually diminishes as the depth of the water increases. 

Very few of the modem Alcyonarian families occur fossil, 
but the Pennatulidse are represented in the Trias by Pro- 
graphvlaria, in the Lower Lias by MeaoaupiT(m, in the 
Cretaceous by Pawmaria, and in the Cainozoic by Oraphu- 
laria. The red coral, CoraUiwn, is found in the Cretaceous 
and Cainozoic (perhaps also in tho Jurassio); forms allied 
to Oorg<mia occur in the Cretaceous and Tertiary rocks; 
/SM is found in the Cainozoic, and perhaps also in Creta¬ 
ceous formations. Spicules, similar to those of Alcyonium, 
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have been detected in the Upper Cretaceous, Hdiopom 
IS first recorded from the Cretaceous. The organ-pipe co^, 
Tvbtpom, which now lives on coral reefs in the Tropics has 
not been found foasil. 


FossU corale are comparatively rare in argiUaceoua and 
arenaceous beds but often abxmdant in calcareous rocks 

many limestones being formed largely of coral remains This 

18 mdeed what might be expected, since existing forms can, 
M a general rule, Uve only in clear water. The chief features 
m the geological distribution of the Anthozoa are given in 
the following table. 


Cambrian. ArcfuBocyalhus, found in the Cambrian in North 
Amenca, Sardinia, Spain, and AustraUa has sometimes been 
regarded as a coral, but is probably a sponge. 

^owcian. In North America corals (especially StrepUlagma 
and Columnaria) are common in this system, but in England 
only a few fo™ have been found, the most important being 
JFavoatUs, Heltolties, HalytiUs. ^ 

Silurian. Corals are very abundant, especially in the Wenlock 
Lunwton^ Rugosa: XylotUa, Acervtdaria, Omphyma, Cysii. 
phyUum.Kodonophyaum, ChonophyUum, Spongophylloidee, Try. 
pUuma, Calo«tylU,Pal<Bocyclue,Petraia, OoniophyUum. Tabulate 
COT^: Synnffopora, PavositM, HeKolitee, Pla»mopora, Propora 
HcUynUi. x- » , 

Devoman. Rugosa: CyatJiophyUum, HeltophyUum, PMUipt. 
aftr<^, EndophyUum, SpongophyUum, MeaophyXUAdw, Zaphren. 
6 m, Pnamatophytlum, Mteophyllum, Calceoia. Tabulate corals: 
Fc^aiie*, AlveoliU«, Pachypora, PUurodictyum, Heliolitet. 

Carbc^emus. Rugosa: PaJ/xoamUia, Lithoatrotion, Orion- 
aatrtBO, CltaiopAyllwn, Dibunophyllum, AuUyphyUum, Lonadaleia 
^phrmita, CyatAoxonia. Caninia, Atnplexua. Tab\ilate corals! 
MicAelinia, Syringopora, CAoeUUa. 

Permian. Rugose and Tabulate oorals, generally similar to 
those of the Cai'boniferous, have been found in Russia. China, 
Timor, etc. WaagonopAyUum, LonadaUia, Coru^ia, ZapArerUia, 
Caninia. 
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Trias. Corals are absent in England, but occur in the Alpine 
Trias* the Palraozoic forms have become extinct and in place 
of them are RhabdophyUia, MonUivaUia, Thec^ilia, Stylo- 
phyUxm, StyUophyUopM, Itastrcea, Phyllocoenia, AstrocomiOt 

Stylina, OmphalophyUia, . j 

Jurassic. Styttoj^yttopng, HeUrastraa, Astroeamui and The- 
cosmaia are found in the lias but are not oomnaon. In the 
Oolites corals become very abundant, t,g. MotUlivaUia, laattrtxa, 
Thamntuteria, TheoosmUia, Stylina^ Cyothophora, CladophyUia, 
CoJamtyphyVLxa, ChomcUoseria. . „ . ^ i.- , 

Cretaceous. Corals are not abundant in Englwd; the chief 
forms are Par<umUia, Trochocyathua, MierabaciOp HolocyHia. 
In some parts of Europe, especially in the Goeau beds (of 
Chalk age) of the Austrian Alps, corals are very numerous and 
include Attroccmia, MondivaUia, laaatraa, CyelolUea, Syn- 
astrtea, etc. 

Cainozoic, Corals are rare in English Cainoaoio formaUons: 
Turbinolia, DendrophyUia, Oeulina and Oonxopora {LUharma) 
occur in the Eocene; Madrepora in the Oligoeene; Flab^um 
in the Pliocene. In the middle and south of Europe, and in the 
south-eastern part of the United Sutes, corals are found abun¬ 
dantly in various Cainozoic deposits. 
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The Echinoderms are all marine and comprise the star* 
fishes, brittle-stars, sea-urchins, sea-lilies, sea-oucumbers, 
and the extinct blastoids and cystideans. The body is very 
often radially symmetrical, the symmetry being generally 
pentameroua.' But in many cases there is also a more or 
less well-marked bilateral arrangement of parts. In the 
majority of cases the alimentary canal terminates in an 
anus. A body-cavity or coelom is present and surrounds the 
alimentary canal. The water-vascular system (fig. 56) is 
one of the distinguishing features of the group; it consists 
of a set of vessels containing a watery fluid and generally 
placed in communication with the sea-water by means of 
a canal; one vessel forms a ring round the oesophagus from 
which radiating trunks are given off. The water-vascular 
system functions in respiration and as a sensory organ, and 
often also in locomotion. A nervous system is present; 
one part of it has a distribution similar to that of the water- 
vascular system. Reproduction is mainly sexual; as a rule 
the sexes are separate, but do not differ externally. 

In nearly all echinoderms there is a dermal skeleton. 
This is calcareous and consists sometimes of isolated pieces, 
but more usually of rods or plates united by fibres of con* 
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nective tissue and forming a complete shell or test, which 
may be either flexible or rigid; spines and other processes 
are often attached to the plates. When examined micro* 
scbpically each put of the skeleton is found to bo formed 
of a network of calcareous rods (fig. 53), with a jelly-like 
substance in the spaces of the network. The details of the 
structure vary in different forms, depending on the size and 
shape of the spaces between the rods. In the spines of sea- 
urchins the network of rods has usually a radial arrange* 



A B 


Itg. 53. A. Poftkm of tnosTeno section of e spine of e see-urchin, 
BcKinornttra, Recent. Ifsgmfied. B. Section of interambuJecral plate of 
recent Cidaru cut parallel to the surface. Magnified. 

ment, with polygonal or rectangular spaces (fig. 53 A), 
except at the <»ntre, where the structure is more irregular. 
Another characteristic feature of the skeleton is that each 
component part shows the optical characters of a crystal 
of oalcite, and differs only from an ordinary crystskl in not 
having crystal contours and in the possession of the netted 
structure. In a plate the principal crystallographic axis is 
at right angles to the surface, in a spine it is parallel with 
the length. In fossil specimens the spaces in the network 
of rods usually become filled with calcite, which is deposited 
in crystalline continuity with that forming the plate or 
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spino. In, such cases the characteristic cleavage of calcitc 
Iwcomcs well marked, so that when the plate or spine is 
broken, the fracture passes along tlie cleavage planes, in¬ 
stead of being irregular as in the recent forms. By the 
infiltration of calcitc and the development of cleavage, the 
organic structure in fossil ecliinodcrma is sometimes partly 
or almost completely destroyed. 

Tin* Keliinmlerina arc dividwl into two main groups, 
(1) the Kleutherozoa, (2) tlie Pclmatozoa. 


I. ELEUTHEROZOA 

The Eleutherozoa possess no fixing organ and are able to 
move about freely. This group is divided into three classes: 
(1) Asterozoa, (2) Echinoidea, (3) Holothuroidea. 

CLASS I, ASTEROZOA 

The Asterozoa are represented in the older PaUeozoic rocks 
by a great diversity of forms, but these, in the main, can 
l>e arranged in- two groups which have survived to the 
present day—the Asteroidea (or starfish) and the Ophi- 
uroidea (or brittle-stars). The Asteroidea are the simpler of 
these two groups, and have undergone leas modification 
from the parent Asterozoan stock. All the forms of the 
Asterozoa are built round the water-vascular system (fig. 56) 
in a more or less similar way; there is a central mouth in¬ 
side the water-vascular ring, and a disc of varying extent 
around the mouth; five arms (occasionally secondarily multi¬ 
plied) come off from the disc. The main variations in the 
structure of the skeleton appear to be connected with the 
manner of life of the forms, and can be best illustrated by 
an account of the structure of the two groups. 
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SUBCLASS I. ASTEROIDEA 

In the Aateroidea the arms are usually short and merge 
gradually into the disc. Occasionally, as in the recent genus 
PerUagofUuter and in the Chalk genus Melopaster, the arms 
are so short that the whole body is almost a pent^on. 
Other genera, such as Astropectm, have longer arms, but 
no Asteroidca, except a few deep sea forms, have the long 
thin arms which usually characterise the Ophiuroidea. 

The two surfacesof the Asteroid are readilydistinguishable. 
The under surface (known as the oral, ambtUacraJ, or aciinal, 
fig. 54} is marked by the mouth, and the five deep ambulacral 
grooves (Amb. gr.) along the arms. In each of these grooves 
one of the five radial water vessels (fig. 56,6)i8 placed and from 
it arise the tubular offshoots known as the lube’ftet (/). The 
upper surface (known as the apical, aboral, anii-ambulacral, or 
abactinal) is completely covered over; a distinct ossicle on 
this surface is the madreporiit, the porous plate through which 
water is admitted into the water<vascular system. 

The ambulacra! grooves extend from the mouth to the 
extreme tip of the arms. Blach groove is formed by two 
rows of ossicles (the arrAidacral 08 $icUa, fig. 55, a) which 
meet at an angle making an arch, and is bordered on each 
side by another row of ossicles, the adamlmlacrah (fig. 55, 6). 
Between the ambulacrals are pores for the passage of the 
ampulla or reservoirs (/) attached to the tul^-fect (g). The 
tubO'feet themselves are used for pulling open Lamelli- 
branchs on which stw-fish feed, and for climbing and walk¬ 
ing. The ambulacral groove can be closed for the protection 
of the tube-feet by muscles placed ventrally to the radial 
water vessel or opened by muscle^ dorsal to the same struc¬ 
ture. Longitudinal muscles occur between the adambula- 
crals and at the dorsal tips of the ambulacral ossicles, by 



Fig. M. Oral mrfaccofafifth (Nirt of thvnki'lrton of l*tnlaerro$ rtti€^da^ua. 
Alpl, anterior proi-CM of finrt smbularral: .-1, ^2, ri3, the iirat three 
ambulaeral oeridea; M.A.P., nioutb*angle plates; ^fn6.yr., ambulacral 
groove; Ad., adambulacrala; V.L., ventro-lateral [^tes; i.if., infero* 
marginal oesides; S.M., sapero'inarginal oasides; Am.p., ambulacral 
pore. (From Spencer alter Agaaaix.) 
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means of which each side of the arm can be contracted. 
The ossicles nearest the mouth, in series with the adambu- 
lacrais, are called rtuntih^nglt plaUa (6g. 54, M.AJ*.)-, they 
are often so stout that they give the mouth a star-shaped 
form. In the inter-radial angles supporting the mouth-angle 
plates is a stout plate, the odoniophor\ this is not usually 




Fig. 5$. Section of the «rm of ft star-fiah (AttropeOtn). a, ftmbulftcral 
oMidea; b, ftdftmbulftcrfti plfttea; c, infero-mftrginftl plfttes with epinee; d, 
sapero-margioftls;«, radial water vewel;/, ftmpuUft; g, tube-feet. Enlarged. 
Fig. 54. Diagram of the water-vaaeular system of a star-fiah. a, circular 
Tceeel roand the month; 5, radial resaela; c, FoUan veaiclaB; d, atone-canal; 
e, raadreporic plate; /, tube-feet {only a few shown); g, ampulla. 

visible on the oral surface in recent forms as it is covered 
by the ventro-lateral plates, but in many Palseozoic genera 
which do not possess ventro-laterals it is seen distinctly. 

In the remaining parts of the skeleton, which are known 
collectively as the inUramlmlacral aktUion, the following 
parts are usually cle^ly differentiated: (1) a double series 
of plates, the supero- and tn/ero-mar^no^ which form the 
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sides of the arms and disc (figs. 55. c, d; 54, S.M., I.M.)-. 
(2) sroall plates, the ventro^laterals placed on the oral surface 
of the disc between the marginal plates and tiie adambu- 
laoral ossicles (fig. 54, V.L.): (3) a central primary circlet of 
radial and inter>radial plates on the aboral surface, usually 
more distinct in the young than in the adult form: (4) plates 
which fill in the remaining portions of the aboral surface. 
The plates running down the middle of the aboral surface 
of the arm are known as radials. The terminal member of 
this series is notched for the reception of the most distal 
tube«foot which possesses an eye-spot, and the plate is there¬ 
fore known as an ocular Some or all of the plates of the 
interambulacral skeleton may be partly cut away to allow of 
tube-like projections of the skin which form simple respira¬ 
tory organs known as dermal branchioB or papuUs. 

All the plates except the ambulacrals may carry spines. 
The disposition of the spines is of importance in classifi¬ 
cation. In the genera found in the Chalk the ornament 
formed by the pits in which the spines are sunk may be 
used to distinguish genera and even species. Frequently 
some of the spines are modified into pincer-like organs 
{pedicdktriix) which serve for protection and as a means of 
clearing the surface of the body. 

The soft parts follow the general radiate symmetry already 
noticed in the water-vascular ^stem. The mouth leads into 
a short oesophagus which opens into a globular stomach; 
above the stomach is the pentagonal pyloric sac, from the 
angles of which are given off branches which soon divide 
into two and extend down the arms near the aboral sur¬ 
face. From the pyloric sac a short narrow intestine leads 
to the anus at the centre of the aboral surface. The dis¬ 
tribution of the main part of the nervous system is aimilar 
to that of the water-vascular system: it consists of a ring 
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round the mouth and of a branch which extends down the 
ambulacra! groove of each arm; there is also a layer of fine 
nerve fibres under the ectoderm. The genital glands occur 
in pairs at the base of each arm and open to the exterior 
between the rays. The water-vascular 83 rstem communicates 
with the exterior by means of a canal (fig. 56, d) which 
passes from the circular vessel to the madreporite on the 
aboral surface of the disc; this is known as the stone canal 
on accoimt of ^e deposit of carbonate of lime in its walls. 

Metopaster. Body fiattened, pentagonal in outline, the rays 
only slightly produced. Marginal plates thick, with rabbet edge 
which bears shallow spine pits. Supero-marginal plates few in 
number, forming a broad border to the disc; the terminal pair of 
plates the largest. Aboral surface covered with small polygonal 
(usually hexagonal) plates. Infero-mar^al plates more nu¬ 
merous *hAn the supero-marginaU. Plates on the oral surface 
small, polygonal. Cretaceous. Ex. Af. porMnsoni, Upper Chalk. 

Mltraster. Similar to Metopaster, but rounded (or slightly 
pentagonal) in form, with supero-marginal plates few and of 
more nearly equal siso. Chalk. Ex. M. hxtrUeri. 

Crateraster. Body almost pentagonal. Lateral faces of 
marginal plates with crater-like pitA Apical faces of marginals 
usually with rugosities. Chalk. £x. C. quii%q%isloba. 

Pyclnaster. General shape of the body similar to CaUi- 
derma. Marginals high and almost smooth. Supero-marginals 
wedge-shaped. Upper Greensand and Chalk. Ex. P. angtistalus. 
Upper Ch^k. 

Callldenna. Body flattened, pentagonal-stellate, with the 
rays moderately long. Marginal plates large, forming a broad 
border to the disc, covered with shallow spine pits. Aboral 
surface of disc with small plates arranged regularly. Cretaceous 
to present day. Ex. C. smtUitae, Chalk. 

Stauranderaster. Body high; arms produced. Plates with 
a rabbet edge. Ornament on plates, when prraent, confined to 
the central raised area. Proximal marginals breast-plate shaped. 
A distinct central circlet of plates is often present on the 
aboral suriace. Chalk. Ex. S. buJbiJerus. 
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SUB-CLASS IL OPHIUROIDEA 

The Ophiuroidea are a highly modified group. The arrange- 
ment of the nervous and water-vascular systems is similar 
to that found in the Asteroidea, but the tube-feet no longer 
have any looomotory ftmction, being merely sensory or 
respiratory organs. The arms are long and thin, and are 
capable of wriggUng and writhing movements. The disc is 
round and sharply marked off from the arms. Many Ophi- 
uroids live on mud from the sea bottom which they push into 
their mouths by means of the tube-feet nearest the mouth. 

The structure of the arm is shown in fig, 57. The ambu- 
lacral ossicles are no longer pairs of rod-like bodies, but 
consist of a single series of stout 
vertebr<B (fig. 67,d) which articulate 
upon each other. The derivation of 
these vertebras from pairsofambu- 
lacral ossicles can. be followed in 
the young forms and in the older 
Palaeozoic fossils. The adambu- a ^ 

lacrals are represented by thin Rg.fi?. Section of the arm of 
plates, known as lateral plates or {Ophieglypha). 

side shields (6), which usually ? 
possess a ridge carrjdng a comb of owicleefoeedaiongthemedian 
long apinea. The aboral aurface ia .mbnlaer.! 

protected by a series of dors^ 

plates (a) analogous to the radials of the Asteroidea. The 
groove is covered by ventral plates (c) not represented in the 
Asteroidea. Neither generative organs nor diverticula from 
the alimentary canal enter the arms as they do in the 
Asteroidea. 

The oral surface of the disc (fig. 58 A) is formed by inter- 
radial pouches covered with scaly plates and granules. The 
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slits (jg) between the pouches and the arms serve as genital 
openings and for the entrance of water for respiratory por* 
poses. In the inter-radial angles between the mouth plates 
are five large buccal plates (6), one of which serves as a 
madreporite. The aboral surface of the disc (fig. 58 B) is 
in most cases oovered with numerous small plates, but 
usually there is at the bases of the arms on each side a 



Fig. 08. A. pjx&ivro. Recent. Oral rarfaoe of disc and part of the arms. 
6, baccal plates; g, genital elite;«. ventral plates of arms. B. Ophioglgpha, 
Recent. Aboral snr&ce. r, radial plates;!, lateral j^tes of arms dorsal 
plates of arms. 


large plate, the radial (r). Some forms have a primary circlet 
of plates aiTnilar to that mentioned for the Asteroidea (p. 123). 

The mouth-angle plates are fused with tiie proximal pair 
of ambulacrals to form stout jaws. A single stout plate, the 
torus, situate at the mouth extiemity of each pair of jaws, 
carries strong spines or teeth which are used for grinding. 

The Palaeozoic Ophiuroidea differ from recent forms in 
several respects. All the best known forms are devoid of 
ventral plates covering the groove. The radial water vessels 
are protected by outgrowths of the ambulacral ossicles which 
form a closed canal. The opposite members of each pair of 
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^bulacsral ossicles are not fused into single vertebra. 
There are no buccal plates, and the madreporite is a separate 
plate. The vertebra of some genera possess articulating 
knobs and prominences similar to those in recent forms. 
The principal Palaeozoic genera are: 

circular, composed of small spicules. 
The halves of each vertebra (ambulacrals) are opposite. Ludlow 
Beds. Ejc. L. miXUtni. 

Euzonosoma. Disc with concave edges, bordered by a single 
row of mwgmal plates. Ambulaoral plates alternating. Ordo¬ 
vician to Devoni^. Ex. B. petaloid«a, Devonian. 

Protaster. Disc compost of overlapping scales. Ambu¬ 
lacra! ossicles alternating. SUurion. Ex. P. atdgioicki, Ludlow 
Jocds. 

Diiiribittion of (he Aaierozoa 


The Asteroidea have a wide distribution in the ocean 
at the present day; they are most abundant at moderate 
depths, but also occur in abyssal regions. 

The majority of the Ophinroids live in shallow water, 
more than half of the known species being found at a depth 
of less than 30 fathoms, and most of these not extending 
lower. Other forms occur at greater depths, some species 
being found below 1000 fathoms. 


The earliest representatives of the Asterozoa at present 
known are found in the Upper Cambrian. Complete speci¬ 
mens are usually rare as fossils since the skeleton readily 
breaks up after death, but at some horizons and localities 
numerous examples have been found, viz.: Lower Ordo¬ 
vician of Bohemia; Upper Ordovician of Thraive Glen, 
Girvan; Wenlock Beds of Gutterford Bum, Pentland Hills; 
Lower Ludlow of Lemtwardine, Herefordshire; Lower De¬ 
vonian (Budenbach Slates) of the Rhine; Lias of Whitby 
and Lyme Regis; Corallian (Calcareous Grit) of Yorkshire; 
Upper Chalk of Bromley, Kent. 
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The classification of the fossil Astcrozoa is not yot settled. 
The following Palseozoic genera are closely allied to the 
recent Asteroidca— Hudsonaster, MesopoitBOStcf, and Pronto^ 
palctaster (Ordovician and Silurian), Xeruister and Devonaster 
(Devonian); these genera show, to some extent, charac¬ 
teristics found in the young of recent forms, for they usually 
possess a comparatively simple skeleton and have a very 
distinct primary circlet of plates in the centre of the aboral 
surface of the disc. 

An extinct branch of the Asteroidoa is formed by the 
Palseozoic genus Urosttrtlla and its allies; the disc of these 
forms is small and the arms are long and thin; the adambu- 
lacral plates are broad and possess a distinct ridge which 
bears stout Ophiurold-like spines. 

Some Palaeozoic Asterozoa have an Asteroid shape and 
Asteroid-like ambulacrals, but the madreporite, when known, 
is on the oral surface, and they show other peculiarities 
of B^ucture which ally them with the Ophiuroidoa rather 
than with the Asteroidea; these include Stenaster (Ordo¬ 
vician), HdianthasUr (Devonian), PakuUrUcus (Devonian), 
Sturtzaater, Rhopalacoma and Bddlacoma (Lower Ludlow). 

Well-known Palaeozoic Ophiuroids are Lapworthura (Lud¬ 
low), Buxonoaoma (Ordovician to Devonian), Protaater 
(Ludlow), and Onychaater (Devonian and Carboniferous). 

Porms very similar to living Ophiuroids are found in 
the Jurassic and have been referred to the recent genera 
Ophiura, Ophiolepia, and Opkioden. In the Cretaceous 
Ophiura and Amphiura occur. A few forms, such as Ophio- 
glypka, have been found in the Eocene. 

The Asteroidea in the Jurassic formations closely re¬ 
semble living forms and have been referred to the genera 
Astropaetm, Solaattr and Plumaater. The Asteroidea of the 
Cretaceous are found chiefly in the Chalk where isolated 
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marginal plates are often abundant and can be used for the 
determination of zonal horizoxis; the principal genera are 
Meto^paster, MUraster, CraUraster, Pycirwater, CaUiderma and 
Stauranderaater. In the Cainozoio rocks of England star¬ 
fishes are rarely found. 

CLASS n. ECHINOIDEA 

The echinoids or sea-urchins have usually a globular, heart- 
shaped, or discoidal body, covered with spines. The shell 
or test is covered by a layer of ectoderm and consists of 
numerous calcareous plates, which, in the majority of cases, 
are immovably united. Nothing corresponding to the ambu>! 
lacral groove of the starfish is to be seen on the surface, 
since the water-vascular system is internal to the skeleton, 
and as a result fbe tube-feet, in order to reach tee exterior, 
must pierce the plates of the test. The mouth is on the 
inferior surface, and is either central or in fiont of the centre. 
The anus is either at the summit of the test or posterior to 
it, somewhere along a line drawn from the summit to the 
centre of the base. In the regular echinoids both anus and 
mouth are central—being placed at opposite poles of the 
test; in the irr^ular echinoids the anus is alwa 3 r 8 , and the 
mouth often, ezcentrio. In the test we may diatingniah three 
parts: a small patch of plates placed at the summit, known 
as tee apical diac or apical ayatem -, the main part of the 
tost termed the corona", and the part between the month 
and tee lower margin of the corona, which usually bears 
plates and Is known as the periatomc. 

fri a typical echinoid of the regular group (t.g. Echinua) 
the anus is placed within the apical disc (fig. 59 B), which 
then consists of the following parts. Near the centre is 
the anus (a), which is surrounded by a membrane bearing 
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small plates and known as the periprod (p). The peri- 
proct is encircled by a ring formed of ten plates, five are 
called gtnital (p) and five ocular (o). The genital plates 
form the inner part of the ring; they are often more or 
less hexagonal in outline, and are usually provided with a 




Fig. 69. A. Diagram of Uie uppor surface of a regular eohiooid, with 
the tubercke and spines omitted, a, ambutacral areas; 6, interambulacral 
areas; p, pores in the ambulaeral plates. 

B. Apical disc of EcAiaiis escuiemiM, Recent, a, anas; p, periproctal 
membrane with small plates; g, genital plates, each wi^ a-pore; m, 
madreporic plate; o, ocular plates, x 


perforation which serves as the opening for the genital 
ducts—whence their name; one, the anterior right, is pierced 
by numerous pores and is the madreporic plate (m). Outside 
the genital plates and alternating with them are the ocular 
plates; these are smaller than the genital and usually 
triangular or pentagonal, and each has a perforation through 
which the terminal tentacle of the radial water-vessel pro* 
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jects; is pigmented and has sometimes been regarded 
as a rudimentary visual organ.^ 

In most of the regular echinoids the apical disc is large, 
but particularly so in Cidaris, -Sofenia, Peltaates, and theU 
allies. In a few regular forma (fig. 60 D) the genital plates 
are completely separated from one another by the oculars, 
TO that a single row of ten platea encircles the periproct; 
in others, some only of the genital plates are separated 
by oculars. When the oculars separate the genitals and 
touch the periproct they are said to be insert (fig. 601)); 
when they do not touch the periproct they are exsert (A). 
Each genital plate has usually one perforation only, but in 
many Palieozoic forms (fig. 60 D) there are three or more, 
and in Cidaris often two. Similarly the oculars in a few 
Palaeozoic echinoids have two perforations instead of one. 
In Salenia and PeltasUs there is an extra plate in the apical 
disc; it is in front of the periproct and is known as the 
sur^anal plate (fig. 60 A, 6). 

In the irregular echinoids the apical disc is small, since 
it does not enclose the periproct. The madreporic plate 
may extend to the centre of the disc (fig. 60 E, m), and 
sometimes {SpcUan^s) reaches to the posterior border, 
separating the posterior oculars (G). The posterior genital 
is sometimes absent (60 B), and when present may be 
without a perforation (F). In Echinocorya and HoUuier 
the apical disc is elongated, and the anterior genitals are 
separated from the other genitals by two oculars which 
join in the middle, and the posterior genital is absent 
(fig. 60 B); in CoUyrites (C) the apical disc is still more 

* The geniUl plates aro Mractime* termed basaU and the oculan are 
also known as radiaU, since, by some author*, they have been cooaidered 
to represent the platee which bear thoee Asmee in other groups of the 
Echinoderma. It is more probable that, ahbough occupying similar 
positions, they have originated independently in the different groups. 
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Fta 60 Sometyj*Mofapic*ldi»o. A. 

B twiyom. Upper Chelk. C. CoOvriUs bieordaia, Carenian. 

D. PalittcMnus. Carboniferous Limeetone. E. tubrotundw, 

CbaDc. F. HoUctj/pu» kmuphi»rieu4. Inferior Oolite. Q. Spatangus 
DvnmreM, Recent. H. O^peiufer rosoceiM. Recent. In the figure# the 
ocular plates ore <listingutshed by dote, the genhol plates by lines, 
m, mwlteporic plate; o, anw; 6, sur anal pUto. All enlarged. 

The corona in a typical echinoid consists of twenty 
oolnmns of platos, each column extending from the apical 
disc, to tlie peristome. The plates are of two kinds, am- 
Irulacral (fig. 59 A, a) and interambulacral ( 6 ) ; there are 
live double columns of arabulacrals separated by five double 
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columns of interambulacrals; each double column is termed 
an area. The former end against the ocular plates, the latter 
against the genital, and in oach case fresh plates are de> 
veloped next the apical disc. In oach area the plates alter¬ 
nate on either side, and since their inner ends are angular, 
the line between the two rows is zig-zag. 

The ambulacral plates are smaller and more numerous 
than the interambulacral, and tiiey are perforated by pores 
(p) for the passage of the tube-feet to the exterior, a radial 
water-vessel being placed in the middle lino under each 
ambulacral area. The pores are usually round, but some¬ 
times elongated; in most cases they are situated in the outer 
portion of the plates and are generally in pairs; each pair 
of pores corresponds to a single tube-foot, since each tube- 
foot divides at its base into two canals. Frequently each 
pair of pores is surrounded by an oval raised rim, the 
peripodium (6g. 61); the two pores in each pair are some¬ 
times horizontal, but Tisually inclined so that the inner pore 
is lower than the outer pore. In some echinoids, such as 
Cidarie, and all the Palaeozoic genera, each ambiilacral plate 
is formed of one piece only (as in hg. 59)—such plates arc 
called simple or primary. Xu other cases some of ^e ambu¬ 
lacral plates are ctnnpound, consisting of two, three or more 
small plates which have become fused together; but the 
original plates are still indicated by the lines of suture 
between them and also by a pair of x>oros on each (6g. 61); 
in some genera (fig. 61 A) the plates which are united are 
all primaries —that is to say, each epetends from the margin 
to the middle line of the ambulacral area; but frequently 
some of the plates taper away and do not reach the middle 
lino (or inner edge of the compound plate)—such are called 
demi-plales (e.g. the middle plates in hg. 61 B, the upper 
plate in fig. 61C). Others, termed occhuUd plates, start from 
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the inner margin of the compound plate but taper away 
before reaching the outer margin. Some, known as included 
plates, do not reach either the inner or outer margin (e.g. 
the lower plate in fig. 61 C). This fusion of plates appears 
to be due to growth-pressure—since each plate of the test 
is enlarging and new plates are being added next the apical 
disc; also the perignathic girdle (p. 141) interferes with the 
passage of the ambulacra! plates on to the peristome. The 
fact that some of the fused primary plates are smaller than 
others, and also the presence of demi-plates, is attributed 



Fig. 61. Compound Ambulacrd Pi»t<a. A. Pseudcdiad^ma hemupfusricum, 
from tho CoraUi&n, formed of three fused plates. B. Phymotoma koenigi, 
from the Chalk, formed of eix fused platee. C. StomecMnu$ ptrlaiu*, 
Upper Juraeeic, three plates, each formed of three fused plates, with 
trigeminal porea. The upper plate is a <Umi-pIaU; Uie middle one a 
primary; the lower an inelvdtd plate. Enlarged. 

to the reduction in size of the original plates by the absorp¬ 
tion of material under pressure. The pores in the ambulacra 
of some echinoids are placed one immediately above the 
other, so that one vertical row of pore-pairs is seen—such 
pores are termed unigeminal or uniserial (figs. 59, 61 A, B); 
in other cases the pore-pairs are alternately near to, and 
more distant from, the margin of the ambulacral plate, and 
consequently two vertical rows are formed, and the pores 
are said to be bigeminal or biserial; in a similar way three 
or more vertical rows of pore-pairs may be produced, when 
the pores are known as irigeminal (fig. 61 C) or polygeminal. 
Sometimes the pores in each pair are united by a groove 
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on the surface of the plate, and are then termed conjugaU. 
In some sea-urchins each ambulacral area has a 1^-Uke 
or lanceolate form on the upper surface of the test (fig. 71). 
In such cases the two rows of> pores in each area diverge 
rapidly after leaving the apical disc, and then come together 
again before reaching the circumference (or ambitus), so that 
the five ambulacra together form a rosette on the upper 
surface of the corona; the ambulacral areas in such cases 
are termed petaloid {t.g. ScuieUa, fig. 71), but when the rows 
of pores diverge to only a small extent they are aub’pekdoid 
{t.g. Micrasier, figs. 73, 74). In the petaloid or sub-petaloid 
part the ambulacral plates are low and numerous, and con¬ 
sequently the tube-feet are likewise numerous. The remainder 
of each area (mainly on the lower surface of the test) consists 
of tall plates, few in number, with the pOres irregularly 
developed or sometimes wanting. When, as in CufoKs, the 
distance between the two rows of pores increases uniformly 
and slowly in passing from the apical disc to the equator, 
and the pores are as well-developed on the under as on the 
upper siirface of the test, the ambulacra are said to be 
simple (fig. 59). 

The advantage gained by the development of compound 
plates, which appear first in Triassic echinoids. seems to be 
to give a larger number of tube-feet in each vertical row. 
The bigeminal or trigeminal arrangement of pores causes 
the tulM-feet to be spread over a larger area, and so in¬ 
creases their mechanical efficiency; the same result was 
attained by the development of numerous columns of plates 
in PalsBOZoic echinoids (see below). Petaloid ambulacra 
are particularly well developed in flattened or cake-like 
echinoids, and in such forms the tube-feet have for the 
most part lost their locomotory fimction and have become 
respiratory organs. 
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With only a few exceptions the corona in the Mesossoic 
and later ochinoids is formed of twenty columns of plates, 
as described above; but in the Palaozoic ecbiuoids, more 
Aan twenty columns of plates are foimd (fig. 70), except 
in Bothrioddaria (Ordovician) and Mioeidaria', the former 
is remarkable in having only one col umn of plates in each 
interambulacral area, with the usual two ooliimns in each 
ambulacral area (fig. 62). In other Paheozoio forms the 
number of columns is variable and often great, so that the 
total number of plates in the corona becomes considerable: 
thus, ArchcBoddaria possesses two columns in each ambu¬ 
lacrum, and four in each interambulacrum (fig. 69); Oligo- 
porua has four ambulacral and from four to nine interam¬ 
bulacral columns; Mdonechinua, six to twelve ambulacral, 
and from three to eleven interambulacral columns (fig. 70); 
LepidaaOua of from eight to eighteen ambulacral, and three 
to seven interambulacral columns; whilst Meekechinua has 
twenty ambulacral and three interambulacral columns. In 
these Paheozoic forms each ambulacral plate possesses one 
pmr of pores. 

In most echinoids the plates join by a vertical suture 
and the test is rigid, but in some genera the plates of tho 
corona overlap to a slight extent, giving some flexibility 
to ^e test; such is the case in several Palseozoio genera, 
and also in a few later forms, especially Pdanachinua from 
the Coralhan, EchiTiOthurui from the Chalk, and some living 
species of the deep-sea genera Aaihanoaoma and Phormo- 
aoma. 

The plates of both the ambulacral and interambulacral 
areas are often provided with rounded elevations known 
as tubercles and grcmiUea. The tubercles are of various sizes, 
the largest being tho pnmary, and those of smaller size 
the aecondary. In a primary tubercle the following parts 
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may bo distinguiBhed: at the summit a hemispheroidal 
piece, sometimes perforated at the top, and known as the 
marMion (fig. 63 B, m). The mamelon rests on the boss (6), 
the upper margin of which is sometimes smooth, sometimes 
orenulated. The base of the boss is frequently surrounded 
by a smooth excavated space, the areOa or scrobicuU (a). 



Fig. 63. 

62. BoUirioddarU gUibvhu, Oidoridan. Iotef»mbul»ci»l platac 
ahovn by thick outiiim. (After Jackson.) x 1 

Pig. 63. A. Spine of Cidari$ fiorigtmma^ from the ConUlUn Rocks, 
o. aoetabnlmn; k, head or beae; e, collar; h, shaft or stem. B. Ambolacral 
j^te of Cidaru (recent) with a large primary tabercle arid secondary 
tubercles. In the primary tabercle. «, mamelon; h, hoes; o, areola. 
Natural size. 

to which muscles from the spine are attached. The granules 
are smaller than the tubercles and have no distinct mamelon. 

Attached to the tubercles are the spines or radioles ; these 
are of different sizes and shapes in different genera ap H 
species and even on the same individual, being needle-liko, 
rod-like, flask-shaped, etc.; tbe larger spines are attached 
to the primary tubercles, the smeJler to the secondary 
tubercles. They serve for protection and also assist in loco¬ 
motion. At the end of the spine, where it articulates with 
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the mamelon, there is a rounded cavity, the acetabulum 
(fig. 63 A, a); next comes the head (A) limitod above by a 
ring or ooliar (c), which may be smooth or crenulated and 
servos for the attachment of the muscles that move the 
spine. Beyond the collar and forming the greater part of 
the spine is the shaft or stem (6), which may be smooth, 
or ornamented with ridges or rows of spiny processes. The 
microscopic structure of the spines (fig. 53 A) varies in 
different genera, and is of importance in classification. Pedi- 
cellari® (p. 123), which consist of a stalk with usually three 
blades, al^ occur, but are rarely found fossil. 

On the surface of some irregular sea-urchins belonging to 
the sub-order Spatangina (p. 149) there are bands which 
appear to be nearly smooth, but 
are covered with very minute 
tubercles; in the living state 
they bear slender spines and 
their cilia produce a current of 
water which helps to keep the 
test clean. These bands are 
termed fascicles, and their posi¬ 
tion varies in different genera; 
sometimes they form a ring be¬ 
neath the anus {e.g. Micraster, 
ffg. 64, e), when they are said to 
be sub-anal ; in other cases they 
encircle the rosette formed by 
the petsdoid ambulacra {e.g. 

Hemiaster) and are said to be peripetalous ; or they extend 
round the margin of the test {e.g. Cardiaster). 

On the lower surface of the test is the peristome (figs. 
64, a, 65) in the centre of which is the mouth. The peri¬ 
stomal membrane, which extends from the mouth to the 



Fig. 64. Under surfsce of Micra- 
Mer cor-anguinum from the Upper 
Chalk, showing faseiole. a, peris 
tome:&,periproct:e,£udole. xf. 
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edge of the corona, U sometimee (e.^. CidarU, fig. 66) com- 
pletely covered Mdth rows of thin, overlapping plates, but 
more usually bears five pairs of plates around the mouth 
and only snaall isolated plates on the remainder of the 
peristome, or is without plates. Some of the plates are 
perforated and have been derived from the ambulacral 
areas; others are not perforated. The plates of the peristome 



Fig. 65. Cidaris hyttrix, Recent. Peristome and margin of corona. 

(After Lot^.) 

are usually lost in fossil specimens. The peristome varies 
in shape, size, and position in different genera; it may be 
circular, pentagonal, or decagonal when the mouth is central, 
but becomes transversely oval when the mouth is anterior; 
its margin is entire in Palaeozoic echinoids and in the 
Oidaridae (figs. 65, 69), but in other regular echinoids and 
in the Holect 3 rpina there are ten notches or incisions, by 
which the five pairs of gills or branchiae pass to the exterior. 
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Tho peristomo is usually larger in the regular than in the 
irregular echinoids. In some irregular eohinoida Ixduiiglng 
to the Nub-order Spatangina (p. 149) the parte of the ambu< 
locra near the peristome are depressed imd leaf-like, with 
the pores close together, whilst the intervening interambu¬ 
lacra are convex (this part of the corona has consequently 
a petaloid appearance, and is known as the fioscdU. The 



Fig. 6$. Rkyncholampat padfica, R«cent. Port of the onl aurface 
ahowing the floacelle. (After Lot^) 

ambulacral plates are low and numerous, each with a pair 
of pores, so that the tube-feet are numerous and serve to 
convoy food to the mouth (hg. 66). 

A pyramidal or conical structure which functions in 
mastication, and is known as Aristotle’s lantern, is found 
in regular echinoids and in some irregular forms (Holec- 
typina and Olypeastrina). The lantern consists usually of 
40 csdcareous pieces including five teeth which project 
through the mouth. Numerous muscles axe attached to the 
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CAlcaroous parts, soms of which sorv© to open or close the 
teeth and are attached to 7ertioal plates at the margin of 
the peristome—these constitute what is known as the pert- 
gruUhic girdle (fig. 67, 68). This'may consist of plates arising 
from the interambulacral areas only, known as apophyses 
(fig. 67), or there may be also processes fiom the sides of the 
ambulacra! plates, termed auricles (fig. 68); and these may 
remain separate at their summits or unite to form an arch 
over each ambulacral area at the margin of the peristome. 

The first part of the alimentary canal passes through the 
axis of the lantern. The circular vessel of the water •vascular 
system forms a ring round the oesophagus at the top of 




Tig. 67. Part of the perignathic girdle of Dorocida^ and Fig 68, 
cAiaw. 0 , margin of ambolacral area. Apophjeee dotted; anriolee plain. 

the lantern, and gives off five radial branches which pass 
through the auricles and up the middle of the inside of each 
ambulacral area; lateral branches, which alternate on either 
side, come off from the radial vessels and open into the 
tube-feet. The stone canal (p. 124) passes from the circular 
water vessel to the madreporic plate. 

In the irregular echinoids there is a well-marked bilateral 
symmetry; a plane which passes through the anus (which 
is in the middle line of the posterior interambulacral area), 
the apical disc, and the month, divides the body into two 
similar parts. When the mouth is anterior (figs. 64, 73) the 
ambulacra differ considerably in size, and to some extent 
in structure; the anterior one is shorter than the others and 
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sometimes, especially in burrowing forms (e.g. Spatan^)^ 
consists of taller and fewer plates, while the four other 
ambulacra are paired. The interambulacra are also unlike— 
the posterior one forming a large part of the base of the 
test (fig. 72). The bilaterd character is inconspicuous in the 
regular sea-urchins, but the plane of symmetry may be 
found by means of the madreporic plate, which is always 
at the summit of the right anterior interambulaoral area. 

The Echinoidea may be divided into two Orders, (1) Re- 
gularia, (2) Irregularia. 

ORDER I. REOULARIA 

The peristome is at the centre of the base, and the anus 
within the apical disc. The ambulacra are simple. Lantern 
present in all. The test is circular in outline, and the radial 
symmetry is almost perfect. 

1. Endobranckiaia 

Peristome entire. No external gills. Ambulacral plates simple. 
Ordovician to present day. 

Palseechlnus (fifg. 60 D). Test spheroidal or elliptical, rigid. 
Apical disc with five large genital plates, each with two to five 
perforations; ocular plates five, small, separating the genitals. 
Ambulacra narrow, straight, with two columns of plates; one 
vertical row of pairs of pores on each side of the area. Interam- 
bulacra wide, with four to six columns of plates at the ambitus, 
fewer towards the poles; plates hexagonal, except those next 
the ambulacra] area, which are pentagonal; surface of plates 
covered with granules. Spines small. Carboniferous. Ex. 
P. «Uiptieu», Carboniferous I.imeston«. 

Maccoya. Distinguished from PaioBechmxu chiefiy by the 
ambulacra in tbe middle part of the test consisting of alternate 
primary and smaller plates—the latter are nearly or qiiite cut 
of! from contact with the interambulaoral margin; the pore- 
pairs in this part of the test form two vertical rows. Carboni¬ 
ferous. Ex. M. intermedia. 
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Archseocldaris (fig. 69). Test depressed spheroidal, plates 
overlapping. Ambulacra narrow, sinuous, formed of two rows 
of plates; pores umgezninal. Interambulacra of four columns 
of large plates, the middle ones being hexagonal; each plate has 
a large primary perforated tube^e which bears a long spine, 
and small tubercles at the margin. Peristome covered with 
plates. Carboniferous and Permian. Ex. A. urit, Carboniferoiis 
Limestone. 

Melonechinus ( = MeloniUs) (fig. 70). Test spheroidal, with 
melon-like ribs horn apex to peristome. Apical disc with five 
genital plates, each having from two to four pores; ocularii 
without pores, separating the genitals. Ambulacra broad, con¬ 
cave on each side of a median ridge, with six to tu*elve columns 
of plates, each plate with a pair of pores; four plates at the 
peristomal edge of each area. Interambulacra consisting of three 
to eleven columns of small thick plates, which are pentagonal 
next the ambulacra, hexagonal elsewhere; tubercles very small. 
Jaws large. Carboniferous. Ex. Af. multiporus. 

Cldaria (figs. 63, 65). Test spheroidal, the summit and base 
equally flattened. Apical disc very large, rarely preserved fossil, 
ocular plates large and exaert. Ambulacra narrow, flexuous or 
nearly straight; plates numerous, simple, all similar in form, 
pores unigeminal; between the rows of pores are vertical rows 
of small tubercles and granules. Interambulacra wide, plates 
large, each with a primary tubercle which is perforated, and 
may be crenulated or smooth; areola large, surrounded by 
secondary tubercles, beyond which may be granules. Peristome 
large, without incisions, its membrane covered with plates. 
Spines large, of various forms, generally ornamented with rows 
of granviles. The term Cidaris is here used in the extended 
sense, and includes several divisions usually regarded as genera. 
Jurassic to present day; ediied forms occur in the Trias. Ex. 
C. vincenii. Eocene; C. (Paractdan's)/loriffemma, Corallian and 
Kimeridgian. The Ctdarids were abundant and widely distri¬ 
buted in Mesozoic times, and some species arc found in the 
Eocene, Oligocene and Miocene. At the present day they live 
mainly in tropical and mib-tropical seas, especially in the 
IndO'Pacific region. Two species occur in the Mediterranean 
Sea. Cidoris is the earliest and most primitive of living echi- 
noids. 



a b 

Fig. 70. nwWporw, CarbonifetOM. Part of an ambulacral 

ar«a (o) and an mterambolaoxal area (h) from the equator the t««t. 
Based on flgoree given b^ Jackson, x 2. 
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2. Ectobranchiata 

Mai^ln of peristome with notches. External gills present. 
Generally some or all of the ambulacra! plates compound, but 
sometimes arranged in groups of two or three differing in shape 
and not fused together. Trias to present day. 

Peltastes (fig. 60 A). Test small, circular in outline, de* 
pressed. Apical disc very large, prominent, with a sur-anal 
plate in front of the periproot; the madreporic plate has an 
oblique fissure. Ambulacra narrow, straight or slightly flexuous, 
with small tubercles; pores tinigeminal except near the peri* 
stome; plates, primaries. Interambulacra wide, with large 
primary tubercles, which are imperforate, but may be crenu* 
late. Peristome lightly notched. Upper Jurassic to Chalk. 
Ex. P. %orig}ai, l40wer Cretaceous. 

Salenla. Similar to Peltastes, but the periproct is on the 
right of a median line drawn* from the anterior to the posterior 
margin. Lower Cretaceoxis to present day. Ex. S, ptUdifera, 
Upper Greensand. 

Acroaalenla. Form similar to Pdtastes. Apical disc rather 
large; genital plates large, the posterior smaller than the others 
and differing in shape. A sur-anal, and sometimes other extra 
plates, in front of the periproct, which is in the antero-posterior 
line and situated posteriorly. Ambulacral plates compound at 
and below the ambitus; pores unigeminal except near the peri¬ 
stome. Interambulaora with large perforate tubercles. Spines 
smooth or striated. Lias to Lower Cretaoeous. Ex. A. spinoaa. 
Inferior and Great Oolites. 

Hemlcidaris. Test spheroidal, inferior surface flattened. 
Apical disc small. Ambulacra narrow on the upper surface, 
slightly flexuous, with two rows of tubercles which become 
sn^ler on the upper surface; plates at and below the ambitus 
compound, each formed of two to four fused plates; pores 
unigeminal, but bigeminal near the peristome. Interambulaora 
broad; plates large and few, each with a large perforate and 
crenuiate tubercle, and also smaller tubercles and granules. 
Spines cylindrical, long. Peristome large, with well-developed 
notches. Inferior Oolite to Cretaceous. Ex. H. intermedia, 
Corallian. 
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Pseudodladema (fig. 61 A). Test circular or slightly poly* 
gonal, sub-hemispherical, depressed. Apical disc and periproct 
large. Ambulacra straight, narrower than the interambulaora, 
with two rows of orenulate and perforate tubercles; plates com¬ 
pound, each consisting of three fused primaries, the middle being 
largest, usxially with three pairs of pores on each plate, unige- 
Tninal. Interambulacra With two Or more rowB of primary cTonu- 
late and perforate tubercles. Peristome large, decagonal. Lias to 
Cretaceous. Ex.P.pseudodiadefna (sA«mMpAertcum),Corallian. 

Hemlpedlna. Test circular or ^ghtly polygonal, depressed. 
Apical disc rather large. Ambulacra narrow, plates formed of 
three fused primaries (but simple near the apical disc), pores 
unigeminal; two rows of tubercles, perforate, not crenulate. 
Intersjnbulacra with two (sometimes more) vertical rows of 
primary, perforate, not crenxilate tubercles. Spines of moderate 
length, finely striated. Peristome with slight incisions. Lias to 
present day. Ex. H. tiheridgeit Lias. 

Diplopodla. Form and tubercles aimilar to Pseudodtodemo. 
Pores bigeminel near the apex and peristome, unigeminal at the 
ambitus; plates at the ambitus composed of foxir primariee or 
sometimes the lowest plate is a demi-plate. Rluetic to Lower 
Chalk. Ex. D. vtrtipora, 0>rallian. 

Stomechlnus. Test hemispherical. Genital plates relatively 
large, projecting outwards; oculars small. Ambulacra wide, 
platee formed of three primariee—the middle one largest; 
pores trigeminal. On each ambulacral and interambvilaoral area 
are two vertical rows of primary, imperforate, non.crenuIate 
tubercles, of about the same site on each area; sdso secondary 
tubercles and granules, \mially numerous. Peristome large, 
with ten deep incisions. Inferior Oolite to Lower Oetaoeous. 
Ex. 8. bigrantilarU, Inferior Oolite. 

Phymosoma {siCyphosoma) (fig. 61 B). Form similar to 
Paevdodiadema. All oculars insert. Ambulacral plates high, 
compound, each may consist of four, five, or six .fused platee 
(the middle ones being demi-plates) with the same number of 
pairs of pores; two rows of primary imperforate tubercles; pores 
unigeminal, but bigeminal near the apical disc. Interambulacra 
with two or more rows of primary imperforate tub^cles. Peri¬ 
stome with small notches. Oxfordian to Eocene; common in 
the Chalk. Ex. C. koenigi. Upper Chalk. 
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Echinus. Test more or lees hemispherioal. Apical disc as 
in fig. 09 B. Ambulacra rather narrow, trigeminal, plates com* 
pound consisting of a lower primary, a middle demi .plate, and 
an upper primary or demx*plate. Two vertical rows of small, 
primary tubercles on each area, and often numerous secondary 
tubercles. Peristome rather small, circular, with small indsionB. 
Pliocene to present day. Ex, B. looedxoardi, Pliocene; B. etcu- 
leruus. Pliocene and living. 


ORDER n. IRREODLARIA 

The anna is outside the apical disc, in the mid-line of the 
posterior interambulacral area. The mouth is either central 
or in front of the centre. The teat is bilaterally symmetrioal. 
Ambulacra simple or petaloid. Lantern and perignathic 
girdle may be present or absent. 

SUB-ORDER 1. HOLBOTYPIUA 

Peristome central, with notches. I^antem and perignathic 
girdle present. Ambulacra not petaloid: plates mainly 
simple, but some may be compound. Lias to Becent. 
Mainly Mesozoic. 

Conulus (s Echinoamxu, Oaleritea) (fig. 60 E). Test conical, 
or almost hemispherical, inferior surface flat, outline pentagonal 
or oval. Apical disc small, with only four genital plates. 
Ambulacra narrow, straight, with some demi-platas; pores uni- 
geminal, but trigeminal near the mouth. Interambulacra with 
bro^ plates, tubercles very small, perforated and crenulated. 
Peristome small, central, decagonal. Periproct marginal or sub- 
marginal. Upper Greensand to Upper Chalk. Ex. C. atbcffaUrvs 
(conicui), Upper Chalk. 

Holectypus. Testhemispberical, depressed, base excavated. 
Apical disc small; madreporic plate extendi^ to tbe centre 
(fig. 60 F). Ambulacra narrow, straight, with some demi-plates; 
pores unigeminal, tubercles small. Interambulacra formed of 
rather large plates, with small tubercles. Peristome central, 
decagonal, with notches.' Periproct large, placed between tbe 
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peristome and the posterior margin of the test. Upper Lias to 
Corallian: also foreign Cretaoeovn. Ex. H. hemitpherieust In¬ 
ferior Oolite. 

Discoidea. Form similar to Hoketypu*. On the baae of 
the interior are ten vertical plates extending from the margin 
of the test towards the mouth> and placed one on each side of 
the ambulacral areas. Cretaceous. Ex. D. eylindricat Chalk. 

Pygaster. Test large, depressed, outline pentagonal or cir¬ 
cular, base concave. Apical disc small ; madreporic plate large, 
extending to the front of the periproct; posterior genital absent. 
Ambulacra straight, simple; pores unigeminal; tubercles in 
Vortical rows. Interambulacra wide, tuberclee perforate. Peri¬ 
stome central, Iwge, decagonal. Periproct very large, placed 
just behind apical disc. lias to Lower Cretaceous. PygasUr 
in a more restricted sense is foxind in the Middle and Upper 
Oolites; the liaasic and some Middle Jurassic species are sepa¬ 
rated under the name Ple»i«chinu»', the Cretaceous and some 
Jurassic species are referred to Macropygu*. Ex. P. aemxiul- 
catuf, Cor^lian. 

SUB-ORDER 2. CLTPBASTRINA 

Peristome central, without notches. Lantern and peri- 
gnathic girdle present. Ambulacra petaloid, plates simple. 
Ocular and genital plates fused together. Upper Cretaceous 
to present day. 

Clypeaster. Outline sub-pentagonal or ovoid, ustially trun¬ 
cated posteriorly; base of test flattened but concave around the 
peristome; upper surface usually convex in the central part and 
sloping to the margin often forming a thin edge. Apical disc 
small, pentagonal, the genitals fused together (fig. 60 H). 
Petaloid parts of ambulacra broad, with the pores widely 
separated and conjugate. Tubercles snaall, sunk in depressions; 
spines very small. Periproct at or near the margin. Peristome 
central, sunk in a deep depression. Interior with i^rtitions near 
the edge of the test. Miocene to present day. Ex. C. roaaceus, 
Pliocene and living. 

Scutella (fig. 71). Test much flattened, circular or sub¬ 
circular. broadest posteriorly; base flat, with branching ambu- 
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lacrol fiTOws gating from the smaU central peristome. 
A^pical dw amaU, central, pentagonal, with central madrtporio 
plate and four gemtal pores. Ambulacra petaloid. the peteloid 
parte ungual and nearly closed. Periproct smaUrinfra- 
margi^. Tubemles very small. Interior of test with supporte 
n^ the mar^. Eocene, mainly Oligocene and Miocene. 
Ex. S. stibrotunda, OKgooene; S. Uognanemis, Miocene. 



Fig. 7r. ScuUUa Uogiumensie, Miocene. (From Kicholson.) x 


SUB-ORDER 8. aPATANOINA 

Peristome excentric, without notches. Lantern and peri- 
gnathic girdle absent. Ambulacra commonly petaloid or 
sub-petaloid, the plates simple; anterior ambulacrum often 
different from the others. The bilateral symmetry of the test 
is particularly well-marked. Lias to present day. 

Hyboclypeus. Test oval, depressed, anterior part usually 
more elevated. Apical disc elongated—the two anterior genitals 
separated from the two posterior by two oculars. Ambulacra 
simple, pores tmigeminal. Interambulacra wide. Tubercles very 
small. Periproct next the apical disc, in a long groove on the 
upper surface. Peristome a little in front of the centre. Inferior 
Oolite to Corallian. Ex. H. gibberxdua, Inferior OoUto. 

Nucleolites (^EcAinofrriseus). Test depressed; outline oval 
or quadrilateral, rounded anteriorly, truncated and broadest 
posteriorly; inferior surface concave. Apical disc compact, four 
perforate genital plates, and one imperforate. Ambulacra sub- 
petaloid. pores tmigeminal, the outer pore elongated in the 
stib-peteloid part. Intorambulacral plates wide, tubercles small. 
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Periftome oval or ptmtagonal, excenthc, h little anterior. Peri* 
proot plaoed in a sulcus on the upper etirfaoe'. Inferior Oolite 
to Ix>wer Chalk. Ex. N. »cutatu«, Corallian. 

Qypeua. Test large, flattened, more or less disooidal, with 
circular or pentagonal outline, uid flat or concave base. Apical 
dieo small. Ambulacra large, petaloid, poree unigeminal (except 
near the peristome), outer ^re elongated and in a long groove. 
Peristome nearly oentral, with a floscelle. Periproct on the 
upper surface, often in*a sulcus. Tubercles very small. Inferior 
Oolite to Corallian. Ex. 0. ploti. Inferior Oolite. 

Echlnolampas. Test variable in form, more or lees ovoid, 
often inflated above, sometimes hemispherical or conical. Apical 
disc small, a little in front of the centre; genitals fused. Ambu* 
laora petaloid, pores conjugate; poriferous zones often of un¬ 
equal length. Tubercles small, perforate, not crenulate. P^i- 
proot oval, transverse, inframarginal. Peristome nearly central, 
transverse; floeoelle present, not much developed. Lower Eocene 
to present day. Ex. B. tUiptouialu, Eocene. 

Catopygus. Test small, oval, elevated, truncated behind, 
with flat base. Apical disc small. Ambulacra sub-petaloid, 
unigeminal, outer pore elongated in the sub-petaloid parts. 
Tuberclee very small Periproct high up on the posterior end. 
Peristome a little exoenbric, small, with a floscelle. Cretaoeoxw 
to present day. Ex. C. oolumbaritu. Upper Greensand. 

CoUyiitea (fig. 60C). Test ovoid, inflated. Apical disc greatly 
elongated; at the anterior end are four perforated genital plates 
separated by two ocxilars, at the posterior end are two oculars; 
th^ two groups of plates are connected by numerous small 
plates. Ambulacra simple, poree unigeminal. The three anterior 
ambulacra meet at the anterior end of the aixoal diao, the other 
two meet at the posterior end. Interambulscra broad, tubercles 
small. Peristome exoentrio. Periproct above the posterior 
margin, lias to Cretaceovis. Ex. C. bicordata, Corallian. 

Echlnocorya {sAnanehytes) (fig. 60 B). Test very convex 
above, inferior stirface flattened, outline oval. Apical disc 
elongated; only four genital plates, the two anterior separated 
from the two posterior by two Isirge ocular plates. Ambulacra 
simple, pores unigeminal. Interambulacralplatee large, tubercles 
small. Peristome anterior. Periproct oval, infra-marginal. 
Upper Chalk. Ex. B. vuigaria. 
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Holaster (fig. 72). Test heart-shaped, inferior stirfaoe more 
or less flattened, superior surface with a broad shaUow groove 
in front. Apical diM elongate, the two pairs of genital plates 
separated by two oculars. Ambiilaora large, simple; pores 
umgeminal, round or elongate; the anterior ambulacrum in the 
groove. Interambulacra with smaU tubercles and granules. 
Peristome near the anterior margin, elliptical. Periproct supra¬ 
marginal. Upper Greensand and Chalk; also Tertiary in 
Australia. Ex. H. 8ubglobo8u$, Lower Chalk. 



Pig. 72. Hdlatter mbgiobotut. Lower Chalk. Upper and 
lower fTtriacee. x f. 


Gardlastex*. Form similar to BoUuttTf but anterior groove 
usually with sharp borders. Apical disc tami^iLr to Holatter. 
Pores elongate, unigeminal. SmaU perforate and orenulate 
tubercles. Peristome near the anterior margin, witli a pro¬ 
jecting lip. Periproct on the posterior truncated end. Pasdole 
passes beneath the penproct and roimd the mar gin of the test. 
Cretaceous. Ex. C. ononehyris. Chalk. 

Mlcraster (figs. 84, 73, 74). Test heart-shaped or oval, 
truncated behind. Apical disc smaU, exoentrio; madreporic 
plate extending to the centre; posterior genital abeent. Ambu¬ 
lacra sub-petaloid, placed in sunken areas, the sub-petaloid 
parts of the two anterior lateral longer than those of the two 
posterior lateral; pores unigeminal. The anterior unpaired 
ambulacrum in a deep groove, with its pores oircxilar. Inter¬ 
ambulacra with large plates; tubercles small, perforate and 
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creDulate. Fasciole below the anus. Peristome near the anterior 
border, with a projecting Up (labrum). Periproot on the upper 
part of the posterior end. On the under surface the posterior 
interambulecrum bulges out forming a plaetron. Middle and 
Upper Chalk. Sub-genera in the Tertiary. "EyLM.cor-anguinxtm, 
Upper Chalk. 



Pig. 73. Fig. 74. 


Fig. 73. MieraMer cor-lovit. Upper Chalk, x }. 

Fig. 74. Mieraaler ow-angataiun. Upper Chalk. Part of the right anterior 
arnbulacral area. xl(. 

Eplaster. Form siinilar to Mteros^, but usually more 
elevated. Nofaeciole Upper Cretaceous. Ex. Upper 

Chalk. 

Hemiaster Form similar to Miortuter. A peripetaJoias 
fasciole only. Pores slit-Uke in the petaloid parts of the ambu- 
laom, except in the anterior ambulacrum. Cretaceous to pre¬ 
sent day. Ex. H. bai^/i, Cault. 

Schizaster. Test hcart-Hhaped, highest behind, with apex 
pOHterior to the centre. Anterior ambulacrum long, placed in 
a groove; othor ambulacra petaloid and in deep grooves—the 
posterior pair much shorter than the antero-lateral pair. Peri- 


£CHIK0I1>£A 


153 

stuine near the anterior margin, with projecting lip. Periproct 
on the posterior truncated end of the test. A peripetaloua 
fauciole, and usually also a lateral fasciole diverging from the 
former and passing beneath the periproct. £ocene to present 
day. Ex. S. d’urbani, Bracklesham Beds. 

Toxaeter. Test sub-cordate, broadeet anteriorly, highest 
posteriorly. Apical disc behind the centre. Anterior ambu¬ 
lacrum in a broad, shallow groove; other ambulacru level with 
the interambulocra or only slightly sunk, sub-petaloid, flexuous; 
ixwterior ]>air shorter than tho anterior pair; pores elongate. 
IVristoine anterior, transverse. Periproct on the upper part 
of tho posterior truncated end. Tubercles small, perforate. No 
fasciole. Lower Cretaceous. Ex. T. eomplanatw. 

DistriinUion of the Echxnoidea 

Some echinolds live at great depths in the ocean, no less 
than a dozen species having been found below the 2000 
fathom line, and one even at 2900 fathoms; but by far the 
lai^er number occur near the coasts in shallow water; thus, 
of the 297 existing species recorded by Agassiz, 201 are 
foiiiui in water of less than li>0 fathoms in depth. Echinoids 
arc most abundant whore the sea-bottom is rocky, sandy, 
or calcareous, and less common where it is muddy; con¬ 
sequently fossil forms are rare in clayey strata. Those found 
in deep water have a much wider range in space than those 
found in shallow water. Many genera, especially those with 
a considerable range in depth, have also a long range in 
time, some extending back to the CVetaceous or even to the 
Jurassic period, t.g. Hemipedina, Catopygua, Salenia, Uemu 
aster. 

All the Palaeozoic Elchinoids belong to tho Endobranchiate 
division of the Regular group. With two exceptions the 
corona is chsractorised by consisting of more than 20 columns 
of plates. In each ambulacral area the number ranges from 
2 to 20; <<a<-li plate has one pair of ])oro8, so that in some 
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cases the number of tube>feet in each area was very large. 
In each interambulacral area the number of columns varies 
iiom 3 to 14. Some forms have a rigid test, but in many 
genera tiie plates of both areas overlap, so that the test was 
flexible. The ocular plates are generally insert, and the 
genital plates commcmly have 3 or more perforations. 

Echinoids are rare in Palseozoic formations, especially in 
those of pre-CarboniferouB age. The earliest representatives 
are found in the Ordovician. BothrioddaHa (fig. 62), £rom 
the Upper Ordovician of Russia, has been regarded as a 
Cystid, but is more probably an echinoid of a peculiar type, 
differing firom all others in having a single column of plates 
in each interambulacral area, and in the ambulacral plates 
being as large as the interambulacrals with which they 
alternate. Also the pairs of pores in the ambulacrals are 
placed vertically, and the test was rigid. In AvlacKinua 
from the Upper Ordovician of Oirvan, and in Mytiwiichea 
from the Sfiddie Ordovician, there are numerous columns 
of ambulacral plates and the test was flexible. 

Three genera are known in the Silurian. All have flexible 
tests, with several columns of interambulacral plates. Pakao- 
diacua and Koninckocidaria have two columns of ambulacral 
plates, E^inocystia has four. In the Devonian Echinoids 
are still very rare, the genera represented being Eocidarta, 
Lepidechinoidea, Lepidocentrua, and Nortonechinua. 

In the Carboniferous the echinoids with numerous columns 
of plates in the corona reach their maximum development. 
The genera with only two columns of ambulacrals are 
ArcKcaoadaria (fig. 69), Maccoya, Palcuchinua and Periacho- 
domua ] those with more than two columns of ambulacrals 
are Lepideathaa, Lovenechinua, Melonachinua and Oligoporua. 
Mioddaria^ the earliest representative of the Cidarids, 
appears in the Carboniferous and Permian but is more 
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abundant in the Trias and Lower Jurassic; it resembles 
Archceoddaria but has two instead of four columns in each 
interambulacral area, and is the earliest echinoid known 
in which the corona consists of 20 columns of plates. In 
the Permian there are few echinoids; Archcaocidaria and 
Miocidaria are represented; Meekechin'ua with 20 columns 
of ambulacrals and 3 columns of interambulacrals is the last 
representative of the type of echinoid characteristic of tiie 
Paheozoic. 

In the Trias echinoids are found in St Cassian, Bakony 
and Timor. Ail the characteristic Palaeozoic types have 
disappeared, in most cases without leaving any descendants, 
and their place is taken by genera with only 20 columns 
of plates in the corona uid a rigid test. The Cidarids are 
the chief forms, and they differ from Mioddaria in having 
a rigid instead of a flexible test. Associated with the 
Cidarids are some other regular forms, the first representa* 
tives of the Eotobranchiates—^forms with notches in the 
peristome, indicating the appearance of external gills, and 
with compound plates in the ambulacra. Some of these 
early Ectobranchiates differ but little from Cidarids, from 
which they appear to have been derived. 

In the Jurassic rocks the echinoids are much more 
numerous, relatively to the other groups of animals, than 
in the earlier formations; they are comparatively rare in 
the Lias and the other clayey divisions, but very abundant 
in the calcuoous beds, especially in the Inferior Oolite and 
the CoralUan. Cidaria is abundant throughout, and the 
Ectobranchiates develop rapidly and are abundant in the 
Middle and Upper Jurassic, e.g. Acroaalenia, Diadamopaia, 
Diplopodia, Hemipadina, Pedina, Paeudodiadama, Stom> 
echinua. In the Lias Irregular Echinoids, belonging to the 
Holectypina, make their appearance. One of the earliest 
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of thc86 is Pygasttr {PUitechinui) which difters in structure 
but little from the Ectobranchiates, from which it has 
probably been derived. It is only just irregular, since the 
periproct touches the posterior end of the apical disc. In 
other genera {t.g. HcAectypxn) the irregularity becomes more 
marked owing to the shifting of the periproct further from 
the apical disc. OdUropygus is another genus of the Holec- 
typina which appears first in the Lias and is only just ir¬ 
regular and resembles in structure the early Ectobranchiates. 
The three genera mentioned all become abundant in the 
Middle and Upper Jurassic. The more irregular group, the 
Spatangina, also appears in the Lias. In most of the early 
forms the mouth is only a little in front of the centre, but 
later, in relation to a burrowing mode of life, it tends to 
move towards the anterior margin and then the test be¬ 
comes more distinctly elongate and the bilateral symmetry 
more marked. In these, owing to a change in feeding habits, 
the lantern and perignathic girdle disappear. Farmer, the 
ambulacral areas arc now formed of simple plates. The 
principal genera of the Spatangina which are common in 
the Middle and Upper Jurassic are Clypeus, CoUyrUes, 
Hybodypeui, NucUoliUs and Pygtirue. 

In the Cretaceous the echinoids are even more abundant 
than in the Jurassic, and attain a great development in the 
upper division of the system; many of the genera found in 
the l/)wer Cretaceous occur also in the Upper Jurassic, 
but the irregular forms are more numerous than hitherto, 
and show a still greater development in the Upper Creta¬ 
ceous, where Micraster, Echinocorys and other allied genera 
are characteristic. The most important genera are: (1) 
r^ilar, Cidaris, Psfudodiadema, Phymosoma, Peltaales, 
SaUnia; (2) insular, DUcoulea, Conulus, Catopygua, Hemi- 
(utar, iHicraaifr, EpiaaUr, Cardiaster, HolaaUr, Echinocorys. 
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The Clypeastrina make their first appearance in the Upper 
Chalk. 

Between the Cretaceous and Bocene there is, in Britain, 
a great break in the succession of the echinoids; not a single 
species is common to the two systems, and most of the 
genera also are different. This change is due in part to the 
great difference in the conditions under which the deposits 
were formed, the Chalk being a comparatively deep-water 
formation, and the Eocene beds, shallow water; but the 
Eocene forms differ more from those of the Upper Chalk 
than from those of the Chalk Marl, the latter deposit having 
been formed in water of less depth. Throughout the English 
Tertiaries the echinoids are much rarer than in the Creta¬ 
ceous; in the Eocene this can be accounted for largely by 
the fact that the sea-bottom was for the most part muddy; 
in the Oligooene by the prevalence of fresh-water and 
estuarine conditions; and in the Pliocene, by the lower 
temperature of the ocean. The London Qay echinoids 
belong to tropical or sub-tropical genera. The commonest 
forms in the Eocene of England are Hemiaster and SchizaaUr. 
In the Eocene of the South of Europe, North Africa, India, 
etc., echinoids are numerous; the regular forms are relatively 
less important than in earlier formations, but the Clype¬ 
astrina and Spatangina, in this and subsequent deposits, 
become increasingly abundant; the first group is represented 
by ClypeasUr, ScuURa, etc., the second by Echinoianypaa, 
SchizasUr, Bemiaater, etc. The Pliocene echinoids found in 
East Anglia include some forms similar to those found in 
the North Atlantic, and others which show considerable 
affinity to species now living in the West Indian seas; the 
principal genera represented are Echinxta, Strongylocentr<Aua, 
Echinocyamua, Spatangua, and Temnechinua. 
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CLASS m. HOLOTHUROIDEA 


This Class includes the sea-cucumbers. They possess an 
elongated and usually cylindrical body with the mouth at 
one end and the anus at the other; around the mouth is a 
circle of tentacles, ^diich are really modified tube-feet. 
From the water-vascular ring five radial vessels are given 
off and end near the anus; branches also go to the tentacles. 
In Synapta and its allies tube-feet (with 
the exception of the tentacles), as well 
as radial vessels, are absent. The stone- 
canal in almost all cases opens into 
the body-cavity. The integument is 
leathery, and the skeleton is very poorly 
developed, consisting of minute isolated 
pieces of various shapes, such as spi¬ 
cules, anchors, and wheels (fig. 75). 

At the present day the Holothurians are widely distri- 



Fig. 75. A, B, anchor and 
plate of Synapta taura. 
Recent. C, wh^of CAtVo- 
data convtsa from the In. 
ferior Oolite. Enlarged. 


buted, but owing to the nature of their hard parts they 
are rarely found fossil. Specimens found in the lliddle 
Cambrian of British Columbia were regarded by Walcott as 
Holothurians and may possibly belong to this Class. The 
earliest known European forms, represented only by skeletal 
st^otures, occur in the Carboniferous rocks of Sootland, and 
in the Permian of Clennany. Some specimens have been 
recorded from Jurassic, Oetaceous and later formations. 
An impression of the body of a Holothurian has been found 
in the Upper Jurassic of Solenhofen. Stjnapia has been 
recorded from the Oligocene. 
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II. PELMATOZOA 

The Pelmatozoa. tmlike the Eleutherozoa, are generally 
aedentary, being attached to the sea-floor or some foreign 
object by the a^ral surface, usnally by means of a jointed 
stem, in most cases the attachment is permanent, but it 
may be temporary only. The group is essentially distin* 
guished by the ciliated grooves which radiate from the 
mouth; the cilia produce a current of water which carries 
small organisms to the upwardly directed mouth. The 
Classes of the Pelmatozoa are: (1) Crinoidea, (2) Cystidea, 
(3) Blastoidea, (4) Edrioasteroidea. 

CLASS I. CRINOIDEA 

The Crinoidea include the sea-lilies and feather-stars. The 
body consists of a stem, a calyx, and movable arms given 
off from the margin of the calyx (fig. 76). 

The calyx is more or less globular, or cup- or basin-shaped, 
and contains the digestive and other important organs. The 
mouth is either at or near the centre of the ventral or oral 
surface, and the anus, which is in the posterior inter-radial 
area, is also on the oral surface, and is usually situated at 
the end of a tubular process; the alimentaiy canal is tubular 
and makes a complete coil around the cavity of the calyx. 
There is a groove on the ventral surface of each arm, and 
these grooves—the/ood-prooues—are continued over the oral 
surface to the mouth; they are lined with cilia, by the move¬ 
ments of which food is conveyed to the mouth. There are 
five arms, but each may branch repeatedly. Immediately 
under the groove of each arm there is a radial nerve-cord; 
these cords unite to form larger trunks and ultimately join 
as a ring round the mouth. Beneath the nerve of each arm 
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is a radial vesssel of the water-vascular system, which is 
continued over the oral surface and joins a ring round the 
mouth; from this ring tubes (stone canals) hang down and 
open into the body-cavity, which communicates with the 
water of the exterior by means of pores. From the radial 
vessels tubes are given off to the tube-feet, which form a 
row on each side of the food-grooves, and function in respira¬ 
tion. In addition to the nervous system already mentioned, 
there is another supplying the aboral elements of the 
skeleton; from a centre at the aboral pole of the calyx nerve 
cords are given off, which pass through canals in the plates 
of the calyx to the arms and pinnules, and also into the 
stem when present. All the organs of the body are thus 
radially symmetrical with the exception of the alimentary 
canal. 

The stem (6g. 76) in the crinoids is more or less flexible, 
and is sometimes several feet in length. It consists of a 
number of segments, known as cahumnale, which may be 
disc-like or pentagonal (occasionally square or elliptical); 
or they may be higher than broad, forming cylinders; these 
columnals articulate by their flat surfaces, which are often 
provided with radiating striae or with ridges in the form 
of a rosette. Each coluznnal is pierced at the centre by a 
canal which is circular or pentagonal and contains a pro¬ 
longation of the aboral nervous system and vascular organ. 
The columnals are generally of different heights—larger 
plates being separated by smaller; the former are first 
developed, and the latter are those which are subsequently 
introduced between them. The lower (or distal) end of the 
stem may taper, but usually branches or expands and serves 
to fix the animal; when a crinoid lives on a soft sea-floor 
it is fixed by a branching root-like structure (fig. 76), but 
when it is attached to a rook or other firm substance solid 
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calcareous material is secreted forming an encrusting plate 
or mass {e.g. ApiocrinM). In the course of evolution, and 
sometimes in the development of the individual (fig. 76), 
the stem at first consists of cycles of five plates (pentameres) 
alternating in position; subsequently the five plates of a 
cycle become horizontal, and afterwaids fiise to form a single 
oolumnal. From the stem small branches known as drri are 
sometimes given off; these have a structure gimilRr to that 
of the stem, and are also pierced by a central canah In the 
course of evolution curi originate as root-like branches at 
the distal end of the stem, but subsequently they appear 
at higher levels and are then borne on some of the Is^er 
oolumnals. 

The part of the calyx below the origin of the arms is 
called the dorsal cup. (fig. 76); the part above them is the 
Ugmen. The dorsal cup consists at its base of a cycle of five 
plates, known as basaU (figs. 81,6; 82, c); but, owing to 
fusion, the number of basals is sometimes reduced to four, 
three, or rarely two. In some forms there is below the basals 
and alternating with them another row of plates (five or 
three), termed injra-basala (fig. 82, 6), and the base is then 
said to be dicydic, when basals only are present, it is 
monocydic. Above the basals, and alternating with them, 
is a cycle of five radial plates (figs. 81, r; 82, d), which usually 
form the sides of the dorsal cup; each radial is in a direct 
line with one of the arms. In some genera there are, between 
the two posterior radials, other plates, the anal inter-radials 
(figs. 81, a; 82, t). Sometimes there are Inter-radial plates 
between the other radials as well. 

The arms are characteristic of the Crinoidea; they come 
off directly from the radials, and are formed either of a 
single or of a double row of plates, the bmcAutis; when 
there is a single row the arm is termed uniserial (fig. 82); 
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Fig. 76. Bolryoenmu tUeadaelyUs, fnim the Wenlock Limeirtone—d 
dimple form of Crinokl, »rcn from the i>oirtcrior inter-nuliiw. (From the 
f/'wirfe to tht Orel. Dfft., lirit. Mun.) XntunO wee. 
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when there are two rows it is biseridl. In biserial arms the 
plates alternate with one another. The brachial plates are 
connected by muscles by means of which the movements of 
the arms are effected. The dorsal or outer surface of the 
brachial plates is rounded; on the ventral or inner surface 
there is a groove in which the soft parts, above described, 
are placed; and there is usually also a perforation below 
the groove, in which the dorsal nerve-cord is situated. The 
groove in the arms is covered over by a series of plates—the 
covering plaUs, which can be opened and closed, and serve 
for the protection of the soft parts. Where an arm branches, 
the brachial which supports two branches (hgs. 76, 82, 83, a) 
has sloping sides, and is known as an axitlare. Small un¬ 
branched appendages called pinnules occur on the arms of 
many crinoids (fig. 76); they are similar in structure to the 
arms, and are given off alternately on opposite sides. In 
living crinoids the genital products mature in the pinnules. 

The arms in simple ty|>e8 of crinoids are short, uniserial 
and unbranched, but in more advanced types they branch 
several or many times and may attain a great length, in 
this way the food supply is increased. The two branches 
formed at each division may be of equal thickness; or all 
the branches on one side may be thin and those on the other 
thick; or the branches may be alternately thick on one side 
and thin on the other. The character of the arms also shows 
a relation to habitat. Crinoids which live in deep or quiet 
water have long, thin arms, while those found in rough 
water have short and thick arms. 

The biserial arm arose from the uniserial type by the 
development of pinnules (fig. 77). In uniserial arms a pin¬ 
nule is borne at the distal end of each brachial, alternately on 
the two sides of the arm. Each plate is thicker on the side 
bearing the pinnule than on the opposite side. This difference 
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increafiee until platee become wedge-shaped. Then the 
thin edge of Uie wedge ceases to reach the margin of the 
arm, and ultimately two rows of short brachials, meeting 
in the middle line of the arm, are developed, thus greatly 
increasing the number of pinnules in a given length of arm. 

In some forme, the earlier rows of brachial plates become 
firmly united to one another and to the radials (figs. 81, 
85,8,8, br ); these braehiaiU have often been r^arded 
as radials, but morphologically they are only brachials which 
have become incorporated into the calyx. The fixed brachials 
may be in contact at the sides, or, as in most Paheozoic 



Fig. 77. Evolution from aaiwrial to buerinl ftmu. (After Bether.) 

crinoids, they may be separated by other plates which are 
termed inUr-brachials (fig. 81, tr). In the posterior inter- 
radial area (that which leads up to the anus) the inter- 
brachial plates are often more numerous than in the other 
areas, so that the radial symmetry of the dorsal cup is no 
longer perfect. 

In several groups of crinoids a tendency for the root to 
disappear is seen, so that the animal was no longer per¬ 
manently fixed but could moor itself by means of the drri 
or by the distal end of the stem coiling around some object. 
In some cases this led to a complete or almost complete 
loss of the stem and the adoption of a free-swimming mode 
of life. In MiUericnnxu praUi (Jurassic) all stages in the 
process of redaction can be seen in different individuals. 
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from those with a bng stem consiating of 70 colunmaU 
to those with a single ossicle fused with the base of the calyx. 
In AnitdoTi a portion of the stem remains but is compressed 
and fused with the infiu-basals into a single ossicle which 
bears cirri. In Saccocoma (Upper Jurassic to Chalk), Mar- 
supitea and Uintacnnus (Upper Chalk) there is no stem, 
but a central pentagonal plate at the base of the calyx 
(fig. 84, c). Di these genera the calyx is large, with thin 
walls, making a light body. Saccocoma it is formed 


A B C 



Fig. 78. Three sieges in Uie evolntion of the Te^en. A, orals only; 
B, orals and ambulacrals; C, ambnlacrals enlarged near the month (^). 
At, anas; P, perietomai platM; M, madreporio pores; 0, orals; M, radial 
plate; x, anal plate; Amb, ambulacral platee. (After Bather.) 

mainly of the radial plates; in MarsupiUs of large mira< 
basals, basals and radials; while in Uintaerinxu the calyx 
consists of a large number of small plates, owing to 
incorporation of numerous brachials, inter-brachials mid 
pinnulars. In Saccocoma and Uintacrinua the arms were 
long, suggesting adaptation for a pelagic mode of life; this 
accords with the wide geographical distribution of Uinta- 
crinua, which has been found in Europe, North America and 
Australia. 

The tegmen or oral surface of the calyx (figs. 78, 79) 
is usually more or less completely covered by platee. Some* 
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times (fig. 78 A) five large triangular plates (oraU) only 
occur, between which are the food-grooves leading to the 
mouth; but usually the oral plates become reduced in size, 
and other smaller plates appear—the food-grooves being 
usually covered by plates, sometimes called ‘ambulacrals* 
(fig. 78 B, C), and between them there may occur numerous 



2 1 3 

Fig. 79. Fig. 80. 


Fig. 79. Tograen of Taxoennus iniermtdiiu, Silurian. A, anal ridge; 
Br, edges of brachial platee; iAmb., illAmb., UIIAmb., interambulacrala; 
0, oral plate. (From Bother, after Wachsmoth and Springer.) 

Fig. 80. Cactocrinut prebotcidialu, Carboniferous. 1, specimen with one 
side of tegrocn broken away: 2, food-canal from above; 3. convoluted 
organ from bolow. T, t^men; atnb., tube formed of ambulacral and side 
plates endosing food groove and water ve ei el ; &<, arm openings: 
p. convoluted skeleton of gut (From Bather, after Me^.} xl^. 


‘interambulacral’ plates (fig. 79). In the (!!lamerate type of 
crinoid, which flourished in the Palssozoic {e.g. Actinocrinub)^ 
the tegmen consists of a complete vault or dome of stout 
plates concealing tho mouth as well as the food.grooves and 
their covering plates (flg. 80); commonly this plated tegmen 
extends upwards around tho anal process forming a tube¬ 
like covering (fig. 76). 
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The various plates of the crinoid skeleton are joini^l 
together by fibres of connective tissue continuous with 
those which form the organic basis of the plates. In some 
cases adjacent plates become fused owing to the deposition 
of calcareous material between them. 

In the genera deecribed below» the basals, radials, and arms 
are five in number unless otherwise stated. 

A. Monocydic Crinoida 

Platycrinus. Basals three, unequal. Radials large. Some 
fixed brachials. One inter-brachial in each area—more in the 
poeterior (anal) area. No inter-radial. Arms bifurcating onoe to 



Kig. 81. Diagram of the plates of ^dMoermiw triaconUidaet^H*, Carboni¬ 
ferous limestone. 6, bs^ pUtes; r, radials: 2, 3. fixed brachials; frr, 
brachial {dates; ir, inter-brachials; a, anal inter-radial. 

thrice, imiserial at the lower end, biserial above; pinnules long. 
Tegmen with small plates; anus sub-central,sometimesat the end 
of aloiig process. Stem long, section often elliptical. Devonian, but 
mainly Csirboniferous. Ex. P. Carboniferous Limestone. 

Eucalyptocrinus {^Hypanthocrinua). Calyx deeply con¬ 
cave at the base; at the bottom of the cavity four basals, at 
the sides five radials; several cycles of fixed brachials, and some 
inter-brachials. Tegmen elevated, and forming a central anal 
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tube compoeed of five rows of large platee. Ten vertical parti* 
tions aprtn g from the outside of the tegznen, forming compart* 
znents in which the ten arms reet. Arms biserial ez«^t at the 
base. Mainly Silurian; one Devonian species. Ex. E. decorum, 
Wenloclc Limestone. 

Actinocrlnus (fig. 81). Calyx pear>8haped, ovoid, or more or 
less spbertcal. Basals three, equal, forming a hexagon. Radials 
generally higher than wide. The first two rows of brachials 
firmly united. Inter*braohials numerous; and also one (|>os* 
terior) inter-radial, above which the inter*brachials are more 
numerous thaj) in the other areas. Tegmen formed of thick, 
tubercled, hexagonal plates, produced into a tube with the anus 
at the end. Ann-branohoe ten to thirty, biserial. Stem circular, 
<^nal pentagonal. Carboniferous. Ex. A. trxacontadactyltu. 
Carboniferous Limestone. 

Amphoracrlnus. In essential structure agreee with ActinO’ 
crintu, but the dorsal cup is low with few inter-brachials. Anal 
tube short, exoentric. Carboniferous. Ex. A. amphora. 

B. Dicydic Crinoida 

Cyathocrinus (fig. 82). Calyx cup-like. Infra-basals small, 
equal, pentagonal. Basals large, hexagonal (except the posterior, 
which is heptagonal and supports the square int«r-radial plate). 
Radials shield-shaped. Anns uni^rial, very long, bifui^ttng 
from five to seven times, without pinnules. Tegmen produced 
into a long or short anal tube. Stem round, without cirri. Silurian 
to Carboniferous. Ex. C. longimanxu, C. acindubus, Sil\irian. 

Crotalocrlnus. Dorsal cup similar to that of Cyathccrintu. 
Some fixed brachials psresent. Arms \miserial, dichotomous, the 
branches uniting so as to form lamellar expansions or networks; 
pinnules absent. Tegmen nearly flat, formed of small plates with 
five large platee at the oentre. Anus near the posterior margin. 
Stem thick, circular; canal pentagonal; root thick, branching. 
Wenlock limestone. Ex 0. ruffootu. 

Botryocrinus (fig. 76). Calyx small, oup-ahaped. Infra- 
basals pentagonal: basals hexagonal (except the two poeterior, 
which are pentagonal); radials with the ei^cular surface occu* 
pying } to } of the width; two anal inter-radials, one as in 
Cyathocrinus, another below it on the right Arms divide. 
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giving ten noain braaobee which often bear smaller braaobee or 
pinniUee. Anal tube large, sometimee coiled, anus near its base. 
Stem formed of low plates, often in five piecee. Silurian and 
Devonian. Ex. B. deoadaetylxitf Wenlock Xiznestone. 

Poteriocrlnus. Calyx with thin plates. Infoa-baeals equal. 
Basals high. Three anal inter-radials present. Radials with well* 



88- Pig. 83. 

Pig. 82. Cyathocnniu ioTifimanut, from the SilorisD. a, portion of stem: 
b, infra-bessl pUtee; e, bsMls; ^ redials; s, anal inter-redial: /. first 
brachial. Reduced. 

Pig. 83. Peafoonnuj/oMtlM, liaa. Calyx and part of stem and arm. e,stem; 
b, basal plate; r, radiab; a, aziUare; p, pinnnles. (After Bather. 1898.) 

marked concave articular surfaces which do not occupy the 
entire width of the plates. Anal tube long. Arms long, branch¬ 
ing, with pinnules. (Devonian?), Carboniferous. Ex. P. er(i««t 4 s. 
Carboniferous. 

Woodocrlnus. like Poteriocrinus but oalyx and arms usually 
shorter: ftuftl tube inconspicuous. The arm-facet occupies the 
full wddth of the radial. Carboniferoua Ex. W. maerodactyhit. 
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Encrlnus. Calyx saxicer-shaped. Infra-basals very mnall, 
generally concealed by the stem. Basals rather large, hexagonal. 
Radiab large, pentagonal. Two fixed brachiaU in each ray, the 
upper being axillary. No inter-brachials, no anal inter-r^als. 
Arms bifurcating, the branches uniserial at first, then alternating, 
finally biaerial {With pinnules. Tegmen covered with plates. Stem 
long, with small canaL Trias. Ex. E. UXiiformit, Muschelkalk. 

Pentacrlnus (fig. 83). Calyx small, bowl-shaped, consisting 
of small infra-basals, basals, and radials which project like 
spines over the stem. Arms very long, much branched, uniserial; 
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Kig. MartupiUi tuhidinariMS, Upper Oialk. 1. Calyx from the ride. 
3. fUdiab and arms, e, oentral plate; IB, infra-basals; B, basals; R, 
mdials: iBr, inter-braehial; /. fulcral ridge of radial facet; p, pinnules; 
«, junction of brachial platee. (From Bather.) 

the small branches all come off on the same side of each main 
branch. The arms bear pinnules. Stem long, pentagonal, with 
cirri coming off in whorls; the articular surfaces of the columnals 
with five raised, crenulate, petaloid parts which are narrow and 
quite distinct from one another. Jurassic. Ex. P. /ossilts. Lias. 

Marsupites (fig. 84). Calyx large, globular; plates large and 
thin. Stem absent. Base formed of a large central pentagonal 
plate (c). Infra-basals pentagonal. Basals hexagonsd. Radials 
pentagonal, with crescentic depressions for the articulation of 
the arms. Arms relatively short, bifurcating, itniserial; first 
brachial much narrower than the radial. Upper Chalk. Ex. 
M. testudinariiu. 
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Ichthyocrinus. Three very small infra^basals; five small 
baaaU; five radials; two or three cycles of fixed braohials. Aiial 
inter-radial small, below tiie rig^t posterior radial. Arms in 
contact all round, interlocking, uniserial; no pinnules. Silurian. 
Ex. /. piriformU. 

Sagenocrlnus. Infra-basals small. Anal inter-radial sunk 
between basals; radials large. Numerous cycles of fixed 
braohials, separated by very numerous 
inter-brachials. Arms dividing, uni- 
serial; no pinnules. Silurian. Ex. S. 
expan»\t9. 

Aplocrlnus (fig. 85). Calyx large. 

Infra-basals enclosed by, and often 
fused with, the thick basals. Radials 
low, excavated on their upper surfaces. 

Four cycles of fixed braohials. Arms 
ten, bifurcating once or twice, uni¬ 
serial. Stem long, cylindrical, base 
expanded; the articular surfaces of 
the columnals radiately striated. The 
upper columnals are in contact at the 
periphery only. The upper part of the 
stem expands and passes gradually 
into the calyx; the upper surface of the 
last columnal is provided with five ra¬ 
diating ridges between which the basals 
lie. Jurassic (LowerCretaceoust). Ex. 

A. parhinaoni, Bradford Clay. 

Millericrlnus. Allied to Apiocrinu$. Usually the top 
columnad only is widened. Articular facets of radials and 
braohials well developed. Lias (f also Trias) to Lower Cre- 
taoeous. Ex. M. pratti. Inferior and Great Oolite. 

Bourguetlcxinus. Calyx small, with vertical or inwardly- 
sloping sides; basals about half the height of radials; two rows 
of fixed braohials; no inter-brachials. Free arms unknown. 
Stem long, the top columnal very large, as wide as the calyx; 
upper colunmals with circular, others with elliptical, articular 
faces and a transverse ridge across the longer diameter. Cre¬ 
taceous. Ex. B. eUiptieua, Chalk. 



Fig. 85. Apiocrinua parkin^ 
«oA»,from the Bradford Clay, 
t, top columnal of the stem; 
b, basal plates; r, radiad 
{dates; 2, 3, and (r, fixed 
brachial platea. x f. 
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Dietr^nUicn of the Crinoidea 

Although not so nomerous and varied as in the Paheosoic 
period, the Crinoidea are represented at the present day 
by a large number of species belonging to about 100 genera. 
The UDstalked forms are the most important (the Ante- 
donidffi, Actinometrida, etc.); these are widely distributed, 
and occur chiefly in shallow water, but some are found at 
considerable depths— Antedon extending from the shore¬ 
line down to 2900 fathoms, and Adinomeira down to 800 
fathoms. The stalked orinoids (e.g. Itocrinus, Jihizocrinue) 
are much less abundant than the unstalked forms, and are 
found mainly at great depths. In some cases the species 
of orinoids have only a limited distribution in space. 

In the Palaeozoic formations the crinoids are much more 
numerous than the other EcMnoderms, their remains (chiefly 
stems) forming the main part of some limestone beds 
(crinoidal limestone or marble), as for instance in the Car¬ 
boniferous. The other Echinoderms are seldom sufficiently 
numerous to be of importance as rock-builders. The majority 
of fossil czinoids are stalked forms, and appear to have lived 
in fairly shallow water, since they are found in association 
with reef-building corals and other shallow-water organisms. 

Crinoids occur first in the Tremadoo Beds. In the Ordo¬ 
vician, Olyptocrinus, Dendmcrintis, and a few others have 
been found. In the Silurian, crinoids become very much 
more abundant, and attain their maximum development; the 
Camerate type, of which both monocyclic and dicycUc forms 
occur, are important from now until the close of the Palaeo¬ 
zoic; the principal genera are Botryocrinus, Calceocrinue, 
CrokUocrinue, Bvcalypiocrinus, Gieeocnnue, Ichthyocrinus, 
Marsipocrinus, Periechocrinue, PUocnnue, Sagenccrimis, 
Taxoerinus. In the Devonian, Cyaihocrinus, Cupreseocrinue, 
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HapU>cr\nus, Hexacnnus and others are common; in the 
Carboniferous, Actinocrinwi, A^horacrinua, Poteriocrinus, 
PUUycnnua, Phodocrinvs, and Woodocrinus. Crinoids are 
found in the Permian of Sicily and Timor; Butelocrinua, 
Pifnorocnnua, etc. The Palaeozoic genera do not survive into 
the Mesozoic, and throughout the Mesozoic formations 
crinoids are much less abundant than in the Pabeozoic. 
^ the Trias the characteristic form is Encrintts ; laocrinua 
is also present. In the Jurassic, AnUdon, Isocrinus, Penia- 
crtnw, Saccocoma, Apiocrinus, and MiUericrinua are found, 
the first two living on to the present day. The Cretaceous is 
characterised by Bourffueticrinus and the free-swimming 
MaraupUes and UifUacrinua—the last two being confined to 
the Upper Chalk. In the Oainozoic, crinoids are very rare, 
but ArUedon has been found in the Lower Eocene. 

CLASS n. CYSTIDEA 

The Cystidea vary considerably in structure. In some genera 
there is scarcely any sign of radial symmetoy, but in otiiers 
it is indicated by the food-grooves which radiate from the 
mouth over the surface of the calyx, and bear simple arm¬ 
like structures called brachioles (fig. 89). In forms with 
fewer plates in the oa^ 3 rx the radial symmetry becomes more 
distinct. The plates of the Calyx are perforated by canals. 
The stem is short, and in some genera absent. 

The most primitive type is seen in Aristocystia from the 
Ordovician (fig. 86). In this genus the body is ovoid or 
pear-shaped, and is formed of numerous polygonal plates 
without any regular arrangement except at the point of 
attachment; it is without food-grooves, brachioles or stem. 
The plates are perforated by canals perpendicular to the 
surface and distributed irregularly. The mouth (0) is at 
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the summit and the anus (As), covered by a of 

plates, is on one side. Dendrocystis, from the Ordovician 



Fig. 87. 


Fig. 86. Mcnuew. OrdoTicUo. 1, aide view. 2,or^Tiew, x^. 

3, base, abowing impression of gaateropod, x{. os, anus; 6, surface 
of aUAchment; g, genital opening; in, hydropore; o, mouth. (After 
Bather.) 

Fig. 87. Dendro^ia aeotioa. Upper Ordovician. x|. (After Bather.) 

(fig. 87), is similar to Aristocystis but a tapering stem, formed 
of two rows of plates, is developed; and calyx is laterally 

compressed, probably indicating that the animal lived in a 
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horizontal position attached by the stem. Other genera, 
such as Mitrocystis and Placocysfia, show a further modifica¬ 
tion since the two sides of the cal 3 oc differ in structure. 

In Glyptospfusra (fig. 88 A), from the Ordovician, the 
calyx is spherical, and composed of a very large number of 
polygonal plates, which are without any radial arrange¬ 
ment. The mouth is at the summit of the calyx, and is 



Fig. 88. A. Olyptotphara leudUenbtrgi, from the Ordoviciao of Rusaia. 
o, mouth covered by oral plates; h, food-grooves; c, facet for the brachiole; 
d, anus; e, just above diia is the triangular madreporite, just below is 
the circular genital aperture (after Volborth). B. A few plates of the 
same enlarged, showing the pairs of pores. C. Plates of EchinotphctTa, 
with pore-rhombs, enlarged. 

covered by five oral plates (o), between which the five food- 
grooves start and extend in a radial manner over the upper 
part o'f the calyx sometimes giving off branches (6); at the 
ends of those grooves are facets (c) to which the bracbioles 
were articulated. The grooves were protected by small 
covering-plates. On one side of the calyx is the anus (d), 
which in perfect specimens is covered by a pyramid of small 
triangular plates. Between the mouth and the anus is the 
madreporite (e), which is the external opening of the water- 
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vascular systcni; just below it is the small, circular genital 
aperture. All the plates of the calyx are pierced by pairs 
of canals (diplopores) running per¬ 
pendicularly to the surface; tlio 
nftnftla of each pair are joined by a 
U-shaped tube, mid their external 
openings are enclosed in a raised 
or depressed area of oval ^ape (dg. 

88 B). The canals probably served 
in respiration by means of a thin- 
walled extension of the epidermis. 

In another group of the Cystidea 
the plates of the calyx are traversed 
by canals 'which are arranged in 
groups having a rhombic form; one 
half of each rhomb is on one plate, 
the other on an adjoining plate (dg. 

88 C). The canals are parallel to 
the surface of the plates, and per¬ 
pendicular to the sutures between 
the plates. These groups of canals ^ gg upad^nut gtiodri 
are known as pore-rhombs. Echxno- fasdahu, from the Wenlock 
ftom the Ordovioh^, ie e 

form which possesses many pore- rows *re erect; thoee of the 
rhombs; it has a spherical calyx, middle row depressed. New 
»neistingofnumerou,plate.,eome 

of which project at the base and r^ht-haad quarter Uepectini- 

probably served to fix the calyx, rhomb, (^m tlm to 

f, . j Iv 0^- Dtpt., BrU. Mu$.) 

there being no stem; around the 
mouth are from three to five small 

arms. In most genera belonging to this group, the plates 
of the calyx are much fewer than in Edxinoaphcera, and 
have a distinctly radial symmetry being arranged in cycles. 
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the plates of each cycle alternating with those immediately 
below; for example, the calyx' of ht^padocrinus, from the 
Silurian (fig. 89), is formed of five cycles of plates; at 
the base is a cycle of four plates, followed by four cycles 
of five plates each; from the summit of the ovoid calyx 
four food-grooves stretch toward the base; they do not rest 
directly on the calyx, as is the case in but 

on specially-developed plates. Numerous brachioles come 
off from each side of the food-grooves. In this genus there 
are only three rhombs, and they are of the more highly- 
developed t 3 rpe called peclini-rhombs, which differ from pore- 
rhombs in being surrounded by a raised rim and in having 
the folds of the plate more pronounced. In some other 
Cystideans of this group the brachioles are found near the 
mouth only. 

DiatrUnUion of iht Cysiidea 

The Cystideans are comparatively rare fossils. They range 
from the Middle Cambrian to the Devonian, and attain their 
maximum development in the Upper Ordovician. In the 
Menevian, Protocysiis is found; this also occurs in the 
Tremadoc Beds, and with it Macrocystdla. In the Ordo¬ 
vician, Ariatocystia, DendrocyalUy Echinoaphcara, PUuro- 
cyatia, Glyptosphcera and others are present; in the Silurian, 
Lepadocrintia, Paeudocrinua, and Placocyatia. In the De¬ 
vonian there are fewer forms {Paeicdocrinua, Jaekdocyatia). 


CLASS m. BLASTOIDEA 

In the Blastoids (fig. 90) the body consists of a calyx, usually 
with a stem; but the latter is rarely found attached to the 
calyx. ITie calyx may be spherical, oval, pear-shaped, or bud¬ 
like ; in most cases it is formed almost entirely of thi^en plates, 
arranged in a regular manner. True arms are not present. 
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Fig. 90. Orophocriwu JutiformU, from the Carboniferous of Iowa. 
Restored figure. (From Uie Ouidt to the (Tool. Dept., Brii, Mus.) Natural 
size. 
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PetUrtmitea is the commonest Blastoid, and may therefore 
conveniently be taken as an example of the group. Its 
calyx (fig. 91) has the following structure. The aboral part 
is formed of a cycle of three plates—the baaala (6), two of 
which are alike, and the third smaller. Above the basals 
is a cycle of five radial platea (r); these are larger than the 
basals, and form the main part of the calyx. At the upper 
end of each there is a deep incision, which serves for the 
reception of the food-carrying area (a); this is usually 



Fig. 01. PtjUremiUa godcni, Carboniferooa. A, tide; B, upper sui&cet 
C, under Burfaoe. a, ambulftcrs; b, basal plates; r, radiala; d, dehoida; 
a, Bpiraclee around tbe moutb; on, anua. x 2. 


spoken of as an * ambulacrum’, but there is no evidence 
of the existence of a radial water vessel, and it is doubtful 
whether this area is really homologous with the ambulacrum 
of an Bchinoid. Above the radials and alternating with 
them occur five smaller plates—the deltoida (d) or inter- 
radiala. The mouth is placed at the summit of the calyx, 
in the centre, and around it are five other openings termed 
epiracUs (s), one of which is larger than the others and in¬ 
cludes the anus (an). From the mouth the five ambulacra 
(a) radiate towards the aboral surface, and are bordered 
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partly by the deltoids but mainly by the radials. Each am- 
bulacnim (fig. 92) consists of the foUowing plates: in the 
middle is a long pointed plate (I), 
the lancet-plaU, which is traver^ 
by a longitudinal canal, in which 
a nerve may have been present. On 
each side of the lancet-plate is arow 

of small plates, the suU-pIaUs («). 

Extending down the middle of each 
ambulacrum is the food-groove 
(a), which, in perfect specimens, is 
covered over by small plates. At 
right angles to this groove, on each 

side of it, are numerous groovM. Ambulacrom of Ptn- 

Along the outer margin of the side- Carboniferous. 

nlates there U a row of pores, the I.Unoet.plate 5 S,-ide.plat«jp, 
^ , X <*» food-groove; tp, spi- 

marjinolpor«(p),formedbyspaces 

between adjoining plates. Beneath 

each ambulacrum are two hydra$j>ires (fig. 93. A), one on 
each side. The hydrospire (fig. 94) is a flattened and folded 
organ communicating with the exterior by means of the 
marginal pores, and also by the spiracles on the oral surface 
of the calyx. A current of water probably passed in through 
the former openings and out by the latter. In weU-pr^rved 
specimens the mouth, as in many crinoida, is not visible ex- 
temaUy, but is covered over by a roof of smaU pUtes. Prom 
the margins of the ambulacra pinnule-like appendages known 
as brachioles (fig. 90) are given off; these are seldom preserved, 
but pits or facets to which they were attached are seen on the 

side-plates. .. i j 

The hydrospires are really folded parts of the radial and 

deltoid plates—the folds being parallel to the margin of 
the ambulacra. This is clearly seen in Codaster, which is 
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a more primitive form than, PtniremUts\ in that genus 
(fig. 96) the folds open directly to the exterior by slits, 
owing to the fact that they are not covered by the lancet- 
plate and side-plates; and on account of tdiis circumstance 
spiracles are not developed. In some genera, in which the 
folds are concealed (fig. 96), the space below the lancet- 




Fig. 93. Fig. 94. 

Fig. 93. PtntrtmiUs avlealyu, CArboniieroaB. Horizontal Motion of the 
c*]yx. i, lenoet-plste; p, side-plstot; r, radiel pUtee; A, hydroepiree (not 
quite correctly drawn, eee fig. 94). (After Zittri.) Enlarged. 

Fig. 94. Carboniferous. Section acroee ambulacrum, fir, 

bnehiole; c.p., covering plates; L, lancet-plate; outer aide-plate; 

E, radial; a.l., sub-lanoet'plate; s.p., side-plate. (After Bather.) x5. 

plate and side-plates, into which the folds open, communi¬ 
cates with the exterior at the oral end by slits or incipient 
spiracles. A further modification is seen in Penlremitta 
(fig. 94) in which, owing to the hydrospire being pushed 
further into the cavity of the calyx, the folds open into a 
common canal instead of into the space between the sum¬ 
mits of the folds and the overlying lemcet-plate ^d side- 
plates; this canal opens orally by true spiracles (fig. 91 B, s). 
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The number of folde in each hydrospire varies from one to 
nine. In a few primitive types hydrospires btb absent. In 
many Blastoids there are five pairs of spiracles and an inde> 
pendent anus, but in some genera (e.^. PeniremiUs) the pairs 
are confluent so that only five spiracles are present, of which 
the posterior encloses the anus. 

The ambulacra vary in width and length; they may be 
broad and petaloid or narrow and linear. In some genera 



Fig. 05. Codasler trikbtUus, Csrhooiferoos. Ssotioc aeroas ambubcnizn. 
(After Bather.) x5. 


Fig. 05. PhmoteJusma trniteuUi, Carbooifeioaa. Section across ambu- 
laortUD. (After Bather.) EhiLuged. 

br., braohiole: e.p., covering-plate; L, lanoet-plate; o.i.p., enter side-iidate: 
Jt, radial: S.pr., part of radial; t.p., aide-pl^ 

the alternate side-plates become squeezed towards the out¬ 
side of the ambulacrum; here they form an outer row, 
known as the outer eide-platee, and are smaller than the 
plates of the inner row. The side-plates may be entirely 
at the sidee of the lancet-plate (fig. 96), or they may rest 
on it and partly, or even completely, conceal it (fig. 96). 
The basids, radi^, and deltoids vary considerably in relative 
size—thus the deltoids may be very smaU (as in Troosto- 
crinus), or tiiey may form a com erable part of the calyx 
(as in some species of Orbitremite^}. 
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The most important characters of the Blastoidea as a 
Class are found in the ambulacra and hydrospiree, the 
absence of true arms, the monocyclic base consisting of 
three basals only, and the five incised radials. In a few rare 
cases, hydrospiree have been found to be present in the 
Crinoidea (Carabocrinua, Hybocrinua). 


Codaster. Calyx in the form of an inverted cone or pyramid. 
Basals forming a conical and usually deep cup; radials large, 
with the forked parts sharply bent, forming part of the flattened 
upper surface of the calyx; deltoids and ambulacra confined 
to upper surface. A long !ancet>plate, with side-plates, occurs 
between the deltoids wd radials. Hydrospires consist of sharp 
folds of the calyx where the radicds and deltoids meet, and open 
at the surface by slits. Mouth pentagonal, originally plated 
over; no spiracles; anus between the posterior deltoid and 
radials. Silurian to Carboniferous. Ex. C. trilobattta, Carboni* 
ferous. 

Orbitremltes {^Qranat^ycrinua). Calyx elliptical, ovate, or 
more or less spb^oal, in section pentagonal or round; with 
concave base. Basals small, not seen in a aide view. Radials 
of variable size Euid forming part of the base. Deltoids generally 
rhombic, large in some spedee, small in others. Ambulacra 
narrow, straight, with nearly parallel sides. Lancet-plate nar¬ 
row. Hydrospires simple, usually with two or three folds only, 
dilated at the free ends; the inner fold forms a plate next to 
the lancet-plate. Spiracles five, round or oval, piercing the 
apices of the deltoids, the posterior one including the anus. 
Carboniferoiis Limeetone. Ex. 0. darbienaia. 


Diairibution of iht Blaatoidea 

In England the Blastoids range from the Devonian to the 
Carboniferous, being most abundant in the latter. A few 
primitive types {Aateroblaatua, BUtaioidocrinua) occur in the 
Ordovician of Russia and Canada; and some others {Trooalo- 
crinua, Codaatar) are found in the Silurian of North America. 
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The English Devonian forms are rare and but little known. 
In the Carboniferous Limestone the blastoids attain their 
maximum development; ten genera are represented, the 
most important being Codaater, Orophocrinua, Schizc^lastus, 
OrbilremiUs and Mesoblasltu. Pentremites is common in the 
Carboniferous of America, but is not found in Britain. 
A number of genera have been found in the Permian of 
Timor. 


CLASS IV. EDRIOASTEROIDEA 


Hie calyx in the Edrioasteroids (fig. 97 A) is usually com¬ 
posed of a large number of irregular plates, and in most 



Fig. 97. BdriocuUr bigtbifi, Ordovicum of Cenada. (From Bather.) 


A. Oral Burface. smh. oovering-platee over the anterior and left-anterior 
ambulaoral groovea, but removed from the other grooves; ad, floor- 
plates of arabolacral groovea; p, pores betvsen floor-pUtes; p«, peri¬ 
stome, the greater part of which is roofed by enlarged covering-plates; 
Ml, interambulacmm; M, madreporite; anus. Natural sue. 

B. Section acrosa the same spodmen through the right anterior ambu¬ 
lacrum and the left posterior interambulacrum. Lettering as In A. 
/, frame of stouter jilatea; m, membrane with overlapping 
thrown into five lobes (Q. Natural site. 

C. Section across an ambulacrum with covering-plates (omb) over the 
groove (eg). Enlarged. 
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cases is flattened and more or less circular in outline; it is 
attached to some foreign body by the under part—a stem 
being rarely if ever present. The mouth is at the centre 
of the upper surface (pe), and is covered by plates; from 
it five ambulacra extend outwards over the upper surface 
of the calyx, and sometimes over part of the lower surface 
also. The ambulacra do not branch as a rule, but are fre¬ 
quently curved. The ambulacral grooves are covered by two 
rows of alternating plates (amb)^ similar to the covering- 
plates of orinoids. In Edrioaster and its near allies the 
floor of each groove is formed of special plates (ad), between 
or at the outer margins of which are pores (p) which may 
indicate the existence of tube-feet. Neither brachioles nor 
arms are developed in connexion with the ambulacra. The 
anus, which is covered by a p 3 rramid of plates, is on the 
upper surface—in the area between the two posterior ambu¬ 
lacra (Aa). The calyx was more or less flexible in some cases; 
and frequently around ite border on the upper surface (but 
sometimes on the lower, fig. 97 B, /) there is a series of 
larger mai^mal plates, forming a framework, which, in 
combination with the five conspicuous ambulacra, gives the 
upper surface something of the appearance of a starfish in 
which the rays are not prolonged. 

The Ednoasteroids include only a few genera, and have 
usually been regarded as Cystidea, but differ in the absence 
of brachioles. and in the occurrence of pores between the 
flooring-plates, suggestive of the presence of a radial water 
vessel with tube-feet. 

Diatribuiion of the EdrioaaUroidea 

The Class ranges from the Cambrian to the Carboniferous, 
and is beet represented in the Ordovician. The principal 
genera are: StromaUKyatia in the Cambrian; Cyathocyatia, 
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Bdricasier and SUganoblaatua (t) in the Ordovician; Pyrgo- 
cysHs in the Silurian; and Agdacrinus and Lepidodiscus, 
ranging from the Ordovician to the Carboniferoue.' 

* The genera TurrUtpeu (Silurian). L^idoeeiem (Ordovician to Devo¬ 
nian) and Flumvliits (Ordovidon to Devcmian) have oonunooly been 
regarded as early forms of Cirripedes, but Later work shows that this 
view cannot be maintained. It hu been suggested that theee and other 
allied genera may represent an eariy offshoot of the Eehinoderm stock, 
for which the name Machetridia has been proposed. 


PHYLUM ANNELIDA 

CLASS CH^TOPODA 


The Chaetopoda include vaiioufi forme of worms. The body 
is segmented and gener^y ^e segments sxe numerous 
and similar.- There is a ventral nerve-oord with ganglia, 
and a nerve*nng round the cesopbagus connected with a 
pair of ganglia above it. A vascular system and a body- 
cavity (coelom) are present. The cuticle is thin and flexible. 
The majority of the Chaetopoda possess bristle-like processes 
termed setae or chotae which assist in locomotion. There are 
two orders: (1) the Polychaeta, (2) the Oligochaeta, e.g. the 
common earthworm Lumbricua-, ProtoscoUx (Ordovician and 
Silurian) probably belongs to ^lis Order. 

ORDER I. POLYCHiETA 

The members of this Order are nearly all marine, and au-e 
characterised by t^e possession of numerous setae arranged 
in bundles on each segment; the setae are usually placed on 
lobes or flaps on the sides of the segments termed parapodia. 
Tentacles are usually present on the head. Many forms live 
in tubes, which may consist of carbonate of lime, of chitinous 
material, or of grains of sand cemented together by a 
secretion; the tubes cure sometimes free, but often attached 
to some foreign object. On account of the possession of this 
tube the polychaetous worms are often found fossil. Other 
forms, which do not live in tubes, are provided with minute 
chitinous jaws, and in some formations, especially the 
Ordovician and Silurian, these are abundantly preserved. 
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Serpuia. Tube calcareous, long, round, angular or flattened; 
straight, curved irregularly or sometiroee spirally, closed at one 
end; generally attached to some foreign object by a portion 
of its surface. Silurian to present day. Ex. S. gordialia, Chalk. 

Splrorbis. Tube calcareous, small, spiral, attached by one 
side. The spiral either left-handed or right-handed, the last 
whorl often produced into a free tube. Ordovician to present 
day. Ex. 5. puetffus (SB corbonarius), Carboniferous. 


Distribution of (he Chottopoda 

Nearly all the worms which are found fossil belong to the 
Order Polychseta; the earliest examples occur in the Cam¬ 
brian Beds. In addition to worm-tubes and jaws, there are, 
in various rocks, numerous trails and barrows, which are 
considered by some authors to have been formed by worms, 
but in many cases it is probable that they were made by 
other animals such as crustaceans and gasteropods. 


PHYLUM BRACHIOPODA 


Cla*se4 

1. Inartioiilftta. ... 


2. Articolata 


OnUra 


{ 1. Atr«mftt» 

2. Neotrenuta 


1. Protremata ... 


2. Telotremata... 


SiUt-orders 



1. Strophomenacea 

2. Orihacca 

3. Pentameracea 

1. Spirlferacea 

2. RhychoDcUacea 

3. Terebratulacea 


In the Brachiopods the soft parts of the animal arc enclosed 
in a shell which is formed of two parts termed valves, one 
placed on the dorsal surface, the other on the ventral. 
Generally the main part of the body occupies only the pos¬ 
terior portion of riie shell. The interior of the shell is lined 
by the body-wall, and by the mantle, which is a prolonga¬ 
tion of the body-wall and is divided into two lobes, one 
occurring in each valve; the space between the two is known 
as the mantle-cavity. The shell is secreted by the mantle. 
In most genera the margin of the mantle is thickened, and 
carries numerous chitinous setse. The mouth (fig. 98, o) is 
near the centre of the anterior surface of the body, and leads 
into an oesophagus, followed by a stomach, and an intestine. 
In the articulate brachiopods the intestine is short and ends 
blindly, in the inarticulate forms it is long and ends in an 
anus which opens into the mantle-cavity. The nervous 
system consists of a ring round the oesophagus, with gan¬ 
glionic enlargements from which nerves are given off to 
the arms, mantle, etc. The part of the body-cavity which 
surrounds the alimentary canal communicates with the 
mantle-cavity by means of two, or rarely four, funnel- 
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shaped canals, which serve as excretory organs. The bod^ 
cavity extends into the mantle as a seiies of spaces cr 
sinuses; these produce slight depressions on the interior of 
the valves, and can often be traced as ridges on the internal 
oasts of fossU specimens (fig. 116). The body-cavity is fiUed 
with a fluid which is kept in motion 
by means of cilia. The heart is on 
the dorsal surface of the stomach. 

Reproduction takes place sex¬ 
ually, and the sexes are usually 
separate. The genital organs are 
placed in the body-cavity, and in 
the sinuses of the memUe. 

Generally the greater part of 
the mantle-cavity is occupied by 
the lophophore, consisting of two 
long processes, given off ftom the 
sides of the mouth, known as arms 
or braehia (fig. 98. d). The arms 
covered with cirri (or ten- 



are 


Fig. 98. MoffeUania 
heimia]fiavuUn$,'R«cmt. Lon¬ 
gitudinal section, d (upper), 
cardinal prooeae; d (lower), 
, . , arms; A, cirri (tentacles); a, ad- 
tacles) (A), the cilia on which doetormuscles;e,o',divarioator 
produce a current of water con- muscles; m. eeptum; v, mouth; 
veying food to the mouth. Ro- 
spiration is earned on mainly by 

the mantle, but possibly also to some extent by the arms. In 
some brachiopods spicules of caldte are found in the mantle, 
and sometimes also in the arms and cirri. 

Of the two valves of the brachiopod, the ventral is nearly 
always larger than the dorsal; each is produced into a beak 
or umbo (fig. 99). The ventral nmbo is more prominent 
than the dorsal, and has generally, either at its apex or just 
beneath it, an opening. With a very few exceptions the 
shell of the brachiopod is equilateral, that is to say, a line 
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drawn &om the umbo to the opposite margin divides it into 
two equal and similar parts. This character, combined with 
the inequality in the size of the valves and the perforation 
at the umbo, renders it easy,to distinguish ^e shell of a 
brachiopod from that of a lamellibranch. In many forms 
the two valves are joined together by means of a hinge, 
those constitute the group Articulata\ in others ^ey are 
held together by the muscles and the mantle only, these 
form the Ifiarticulata. The hinge consists of two short curved 
processes or teeth given off from the ventral valve near the 



Fig. 99. TtrAratt^ temifj^cibota. Upper Chalk. A. Donal view. B. Lateral 
view, a, posterior; b, auterior; a — b, leogth; c—4, Iveadth; e—/, thick- 
neea; 1 ^—h, hioge-hne. x|. 

umbo, which fit into corresponding sockets in the dorsal 
valve. In some genera (e.pr. Orfhis) the teeth are supported 
by plates (the denial plates) which are fixed to the ii^de 
of the ventral valve. The part of the margin of tilie valves 
where the teeth occur and on which the two valves move in 
the opening and closing of the shell is termed the hinge-line 
(fig. 99, g — h). In some genera {Terebraiula) this is short 
and curved, in others {Spirifer, fig. 113) it is long and straight. 
The posterior part of ^e shell is that near Hie hinge (fig. 
99, a), the anterior is the opposite margin (6). The length 
of the shell is measured from the anterior to the posterior 
border (6—a). The breadth is at right angles to this, from 
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one Bide of the shell to the other (o—d). The thickixoss is 
me&sured from one valve to the other, perpendicular to the 
length and breadth (e—/). In some genera {e.g. Terebratula) 
the length is greater than the breadth, in others {e.g. Stropho- 
mena) the breadth is greater. Between the hinge-line and 
the umbo there is in some brachio- 
pods {e.g. Cgrtia, 6g. 100) a flat or 

slightlyooncaveportionoftheshell, 
usually triangular, on which the 

ornamentation of the rest of the yig. loo. Cffriia txporrecia, 
sheU is absent, the surface being Wenlo^Ume,ton^«.unibo 

wther smooth or with growth-unes deJtidium in th« 

parallel to the hinge; this is known middle; 6—e, binge-line. (The 
^ the kinge^rea or cardM area. 

It may occur on both valves (e.g. 

Orthie), but is sometimes found on 

the ventral valve only; and is due to the more extensive 
growth along the hinge margin than occurs in genera which 


have no hinge-area. 

Nearly all living brachiopods are fixed to a rock or other 
object; but some fossil forms were free, especially in old 
age (e.g. Productus). Some, like Crania, are attached by the 
close adhesion of one valve to the rock; others (e.g. Stropha- 


loeia) by spines given off from the surface of the shell. More 
commonly, however, the attachment takes place by means 
of a stalk or pedicle; this is a cylindrical process, in some 
genera long, in others short, fixed to the ventral valve, and 
passing out either through an opening in the ventral valve 
(fig. 102 A, /) or between the umbones (e.g. Lingula, fig. 106). 
It is compost mainly of supporting-tissue with a sheath 
of homy material, but in some forms there are muscular 
layers also. In Lingula, which commonly lives in burrows 
in the sand of the sea-floor, the contraction of the muscles 
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of the pedicle serves to withdraw the animal from the surface 
into its burrow. 

The opening for the passage of the pedicle varies con¬ 
siderably in different genera, and is a feature of importance 
in c la ss ifi cation. The simplest case is that found in lAngvXa. 
and other similar forms, in which the opening is shared by 
both valves. In other types we find that the pedicle-opening 
is confined to the ventral valve; in Disciiui the opening is 
completely enclosed by the shell and is often near the centre 

^ A ft i 

abed e 

& h i J 

Fig. 101. Pevelopment of the deltidium in a—/ a Jorsesio TerelnatuUd; 
a, oarUeet atage; /, adult. 9 —), a Juraaaio Bbyncbonellid; g, an early 
stage; y, adult. The deltidium dotted. Enlarged. (After Dealongchampa.) 

of the valve, consequently the pedicle comes out at right 
angles to the plane of the valves. Sometimes, as in Orihig 
(fig. Ill), the pedicle-opening is in the form of a triangular 
fissure, under the umbo, known as the deUhyrium. In 
brachiopods belonging to the group Telotremata, a delthy- 
rium is found in young individuals, but subsequently be¬ 
comes partly closed by two plates, which grow inwards from 
the sides of the delthyrium and sometimes meet in the 
middle line (fig. 101). These two plates form the deUidium 
(fig. 102 A, d). In RhynchOfrUUa the two plates usually 
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meet, but a small circular or ovate opening (the foramen) 
is.left near the centre for the pedicle. In Magdlania (fig. 
102 A,/) the foramen truncates the apex of the umbo, its 
lower boundary being formed by the deltidium (d); in other 
genera the foramen may be at any point between the apex 
of the umbo and the base of the delthyrium. In genera 



Pig. 102. MageHanM{sWaUheiinia}flave4cens,'RectTit. A. Interior o< 
ventnil (or pe<Bcle) v»lve. /, fommen; d, deltidium; I, teeth; a, im- 
jHTMiioiM of udductor muidee; e, imprewiont of divnricator muaclet; 
6. moeclet of the pedicle. B. Interior of dorsal (or brachial) valve. 
f, e', cardinal procew; b", hingc^plate; a, dental sockeia; I, brachial 
KkeU^on; a, a', adductor ImprcMiorta; e, poiotof attachment of the smaller 
(Hvaricator. (After Davidson.) x I 4 . 

belonging to the Protremata and a few of the Neotremata, 
the delthyrium is more or less completely closed by a single 
plate known as the pseudo-deltidium (fig. 109 B); this at 
first sight closely resembles the deltidium, but is.really of a 
difien'nt nature. It originates on the dorsal surface of the 
body, but subsequently becomes attached to the ventral 
valve, and then continues to grow by secretion from the 
pedicle. The deltidium, on the other hand, is formed by the 
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edge of the ventral lobe of the mantle and consists of a 
pair of plates which, in some cases, coalesce. The pseudo- 
deltidium is developed at an earlier stage in the life of the 
individual than the deltidium, and grows from the apex 
of the delthyrium downwards, becoming fused to the ventral 
valve. 

The two valves of the brachiopod can be opened and 
closed by means of muscles (fig. 98); those which open thorn 
are called the divaricatora (c, c'), those which close them, 
the adductors (o). When the soft parts of the A.nirw>t1 have 
been removed the places where the muscles were attached 
to the interior of the shell are indicated by a difference in 
the surface such as striation, or by slight depressions or 
elevations; these markings are termed the muscviar tm- 
pressions (fig. 102). In the articulate brachiopods there are 
generally five or six pairs of muscles. In the genus Magd- 
Utnia there are two pairs of divaricators (fig. 98, c, c*) and 
one of adductors (a). Both pairs of the former are attached 
to a process (the cardinal process, fig. 102 B, c, c') on the 
dorsal valve between the teeth sockets, and one pair join 
the ventral valve near its centre (fig. 102 A, c), while the 
other pair, which are smaller, are attached nearer the pos¬ 
terior border (c'). Hence the dorsal valve forms with these 
two pairs of muscles a lever of the first order. The adductor 
muscles are united to the ventral valve near the centre 
(fig. 102 A, a) and form a single impression divided by a 
median line; these muscles bifurcate before reaching the 
dorsal valve and there form foiir impressions (fig. 102 B, a, 
a'). There are also muscles belonging to the pe^cle which 
serve to retrsict it, one pair of these being united to the 
dorsal valve (fig. 102 B, 6"), the others to the ventral 
(A, 6, 6'')* the Inarticulate the muscles are usually more 
complicated; thus, in Lingula (fig. 106) we find, in addition 
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to the adductors and divaricators, muscles for moving one 
valve backward or forward in relation to the other, and 
others for giving a slight rotary motion. 

In many of the Protremata there is a concave or spoon- 
shaped plate, or trough, inside the ventral valve next to 
the middle part of the hinge margin. This is known as the 
spondylium and serves for the attachment of muscles. It 
is sometimes supported on a median septum (fig. 112), but 
may be joined directly to the valve, and appears to be due 
to the convergence and union of the dental plates. 

The arms, already mentioned as occupying in most genera 
the main part of the mantle-cavity, are generally coiled up. 
In some forms they can be protruded a greater or shorter 
distance. Sometimes they arc supported on a calcareous 
ribbon—the brachial sfeelcton^-which is attached to the 
posterior part of tiie dorsal valve at the sides of the cardinal 
process. In BhynchoneUa (fig. 115 B, c) the brachial skeleton 
consists of two short curved processes known as the emro. 
In Terebrattda (fig. 117) a ribbon-like band comes off from 
the crura and forms a short loop. In StringocepheUus 
(fig. 119) the loop is more extensive and runs parallel to 
and near the margin of the valves. In Magellania (fig. 
102 B, 1) the loop extends nearly to the anterior margin of 
the shell and is then bent back upon itself. In many 
Palaeozoic and a few Mesozoic genera the brachial skeleton 
is in the form of two spiral ribbons which come off from the 
crura; in Spirifer (fig. 113 A) the apices of the spirals are 
directed towards the lateral maigins of the shell, in Cflassia 
they point inwards, in Atrypa (fig. 114 A) upwards to the 
centre of the dorsal smface. The brachial skeleton is absent 
in all the inarticulate genera, as well as in some of the 
articulate forms belonging to the Protremata, such as Pro- 
dudtu and ChoneUs. 
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The development of the brachial skeleton has been studied 
in some living species of Ter^tratvXina, Magellania, and 
TctebnUeUa. In Tenbraiviina the adult form is reached 
almost directly; but in Magellania the brachial skeleton 
passee through various stages ^fore the adult condition is 
attained; and it is noteworthy that these stages are Hi'milA-r 
to the adult forms of certain other genera. Thus in MageUanitt 
t>enosa the brachial skeleton passes through stages which, 
in succession, resemble the brachial skeletons of the genera 
Owynia, CtsteUa, Bottchardia, Megerlina, Magas, MagaseUa, 
and Terebratella, after which the adult condition is reached. 
Another striking fact is that some species, which have 
hitherto been referred to the genus Magellania, have a 
development differing from this; thus M, cranium passes 
through stages distinctive of the genera Qwynia, CisteUa, 
Platidia, IsTnenia, MuhlfeJdtia, and TerebrrU^ia. If the 
stages through which an individual passes in its develop¬ 
ment be taken to indicate its ancestry, then it follows that 
in MageUania there are two groups of species having different 
ancestors, and these two groups must therefore be regarded 
as constituting two distinct genera (see page 15). 

The largest brachiopod known is Pr^udus giganUus, 
from the Carboniferous Limestone, which has a breadth of 
twelve inches; the size of the shell in different genera varies 
from this down to about a quarter of an inch. Generally 
the shell is thin, but in some forms, such as DaviesieUa 
UangaUensis, it is thick and massive. The external form 
varies considerably; it may be globular, ovoid, hemi* 
spherical, quadrilateral, or triangular. Usually both valves 
are convex, but in some genera, one is plane the other 
convex, or one may be concave and the otlier convex; 
in the last case tht* space in the interior is often small. 
Sometimes there is a median depression or sulcus on the 
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anterior part of one valve (generally the ventral) and a 
correaponding ridge on the other valve, or there may be 
two sulci and two ridges (biplication). The surface of the 
shell is sometimes quite smooth, but is often ornamented 
with strise or ribs, which generally radiate from the umbones 
but are occasionally qonoentric. In a few forms the shell is 
covered with spines. 

In the Articulata the shell is mainly calcareous. In the 
genus MageUania it is formed of three layers (fig. 103); 




Fig. 103. 


Fig. 104. 


Fig. 103. Vortical section of shell of Ma^dUmia fiavtaunt. Recent, 
a, prUmattc layer; h, chitinous layer; c, outer calcareous layer; e, (f, 
canals traversing the calcareous layers. (After King.) Magnifi^. 


Fig. 104. Horizontal section through the pmmattc layer of TerArtUvla 
masakata, from the Great Oolite, showing prisms and canals. Magnified. 


the inner (a), next the mantle, is the thickest and most 
important, and consists of flattened prisms of calcite ar¬ 
ranged obliquely to the surface of the shell, each prism being 
encased in a membrane, which of course has. disappeared in 
the fossil examples. The middle layer (c) is lamellated and 
also calcareous. The outer (6) consists of chitinous material. 
The inner and middle layers are traversed by canals (figs. 
103, e,d; 1()4) running at right angles to the surface of 
the shell, and containing prolongations of the mantle; in 
fossil specimens, in which the chitinous layer is not pre¬ 
served, the openings of these canals can be seen on the 
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surface of the shell, giving it a punctate appearance. The 
shell is secreted by the mantle, its outermost border pro* 
ducing the chitinous layer, a zone just within this forming 
the lamellated layer, and the remainder giving rise to the 
prismatic layer which gradually encroaches on the pre* 
ceding; hence the last layer is the only one which can 
subsequently increase in thickness. In many forms the 
lamellated layer is absent, and in some (e.p. RhyjichoneUa) 
there are no canals traversing the calcareous layers. 

The shell of the Inarticulata has a different structure. 
In Lingula it consists of alternating calcareous and chitinous 
layers, the calcareous material being largely phosphate of 
lime; the canals which traverse these layers are more 
numerous and much smaller than those found in the articu¬ 
late forms. In Crania the shell is calcareous and the canals 
branch near the surface. 

In old age the valves of the brachiopod become thickened, 
and their margins truncated. The vertical diameter of the 
shell also increases, and the ornamentation tends to dis¬ 
appear on the marginal part of ^c valves. The umbones 
and adjacent parts may be resorbed. 

In the earliest or embryonic stage of development the 
shell is similar in character in all the genera which have 
been examined. This embryonic shell has been termed the 
protegulum, and may sometimes be found at the umbones of 
adult shells, but generally, owing to its delicate nature, it has 
been worn off; it is semicircular or scmi-eUiptical in form, 
with concentric lines of growth, and is without an area; it 
is composed of homy material, and varies in size from -06 to 
•6 millimetre. From the constancy of the occurrence of the 
protegulum it has been inferred that the ancestral form of 
the Brachiopoda possessed throughout life a shell similar to 
the prot^ulum; but, at present, no brachiopod agreeing 
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entirely with the protegulum has been found; for although 
Paterina (fig. 105), from the Lower Cambrian, is in many 
respccte similar, yet the possession of an area distinguishes 




Fig. 105. Mieronatra (Palmna.) lebradcrica, £rom the Lower Cambriao 
(^ttieUua Beds}. A. Veotr^ valve. B. D<M«al valve. Enlarged. 

it from a protegulum. RusUUa, also &om the Lower Cam¬ 
brian, is now regarded as the most primitive brachiopod 
known. 

The Brachiopoda can be divided into two Classes, (1) the 
Inarticulata, (2) the Articulata,^ each of which may be 
divided into two Orders. 


CLASS I. INARTICULATA 

The valves are not provided with teeth, but are held 
together by the muscles and mantle. The intestine is long 
mid ends in an anus. There is no brachial skeleton. The sheU 
is usually formed to a considerable extent of chitinous 
material. 

ORDER L ATREMATA 

The pedicle passes out between the umbones, the opening 
being shared by both valves. Lower Cambrian to present 
day. 

* TbCMtkttM have received other names, the Inarticulate being known 

by some authors as the Lyopomala, the Bcardinu, the PUuropjfffia, or the 
7Ve(eia«raCa; a J the Articulate aa the Atihr^tomaia, the Testicardintt 
the Apffffia, or the ClMteateralo. 
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Lingula (fig. 106). Shell thin, nearly equivalve, oorapreesed, 
elongate-ovate or quadrilateral, tapering towards the umbonee, 
slightly gaping at the extremities. 

Dorsal valve a little shorter than the 
ventral. Hinge-line slightly thickened. 

Twelve muscular impressions in each 
valve, but usually indistaactly marked. 

Surface of shell smooth, or conoMitri- 
oally or radially striated. Pedicle long, 
passing out between the umbonee. 

Shell composed of alternating layere 
of oalcareoxis and chitinous materiaL 
Ordovician to present day. £x. L. 
anatina. Recent; L. ovali*, Kimeridge 
Clay. 

Lingulella. Cxtemal form similar 
to Lingula; in the ventral valve a dis¬ 
tinct hinge-area and a groove for the 
pedicle'. Lower Cambrian to Ordovi¬ 
cian. Ex. L. davtsi. Lingula Flags. 

Kutorglna. Shell calcareous, ixsually broader than long, 
with a long, straight hinge-line; surface with concentric strie. 
Ventral valve very convex, with an elevated umbo; four pairs 
of muscular impressionB. Dorsal valve flat or slightly convex, 
with a small umbo and two pairs of muscular impressions. 
Area of ventral valve narrow, with a wide fissture; dorsal area 
only slightly developed. A rudimentary hinge. Lower (? also 
Middle) Cambrian. Ex. K. cingulaia, 

ORDER n. NEOTREMATA 

The pedicle-opening is confined to the ventral valve. In 
the lower types {e.g. Tremalia) the opening is in the form 
of a triangular slit at the margin of the valve; but in the 
higher forms, owing to shell-growth occurring all round the 
margin, it is completely surrounded by shell, and is often 
near the centre of the valve, in which case the pedicle 
passes out at right angles to the plane of junction of the 



Fig. 106. Lingula aruitina, 
Rsoent. Interior of vslvee 
showing mnscular impree- 
sioni. A ventral valve. B, 
dorssl valve. «, nmbonal 
moscle; transmedians; e, 
centrals; a, anterior later^; 
m, middle laterals; s, ex¬ 
ternal laterals, x 
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two valves. The valves are commonly more or less conical. 
Lower Cambrian to present day. 

Obolella. Shell ovate or eub-circiUar, lo«ticuli»r, nearly oqiU- 
valve. Ventral valve with a solid umbo, and a small area with 
a tube for the pedicle in the middle; one pair of long muscular 
impressions extend from near the hinge-line to the middle of 
the valve, between these are a pair of small impressions, and 
near the hinge-line a.third pair of smaU impressions. Dorsal 
valve with a minute umbo, a small area, an internal median 
ridge, and two long muscular impressions diverging widely. 
Lower Cambrian. Elx. 0. era$sa. 

Slphonotreta. Shell elongate-oval, biconvex, inequivalve, 
with spines on the surface. Hinge-line curved; no a^ Ventral 
valve the more convex, with a prominent, straight umbo, 
having a small foramen at its apex continued as a tube to 
the interior of the valve. Dorsal valve less convex, with 
umbo at the margin. Muscular imprenions near the hmge- 
line in both valves. OrdovidMi and Silurian. Ex. S. micula, 
Llandeilo. 

Dlscina (group). Shell composed partly of chitmous ma¬ 
terial; sub-orbicxdar or sub-elliptical, surface smooth or covered 
with stri« of growth. Valves more or less conical, the summits 
of both sub-central or sub-posterior. Pedicle-opening placed 
either near the summit of the ventral valve or a little behind 
it. Four adductor impressions. Ordovician to present day. 
DUcina, in the wide sense, as defined above, includes the three 
genera DUcina (restricted), Diseinisca, and Orbtculoidea. 

Disclna (restricted). Both valves convex. Pedicle-opening 
small, near the middle of the valve externally, passing through 
the shell obliquely forwards. The only species definitely known 
is D. striata, Recent. 

Dlsclnisca. Ventral valve flattened; behind the ape-x is a 
disc, which is depressed externally and interrupta the con¬ 
tinuity of the lines of growth. The disc is perforated for the 
pedicle by a fissure which passes directly, not obliquely, through 
it. Lias to Recent; perhaps Carboniferous. Ex. D. lamellosa, 
Recent. 

Orbiculoldea. Ventral valve flattened; on the surface just 
K*hind the apex is a narrow furrow, which is perforated at the 
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point farthest from the apex, the perforation passing through 
the shell obliquely bMkwards. Ordovician (perhaps Upper 
Cambriaii) to Oligooene. Ex. 0. morrisi, Wenlook limestone. 

Crania (fig. 107). Shell calcareous, traversed by vertical 
canals which branch near the outer surface; quadrangxilar or 
sub-circular, smooth or with radiating ribs, fixed by the ventral 



A B 


Fig. 107. CnmM anomslo, Recent. A. Interior of ventral valve. B. Dorsal 
valve, a, anterior adductors; a', posterior adductors; e, posterior ad¬ 
justors: e\ muscle: r, o, oentrsl and external adjustors. (From 

Woodward.) x 2. 


valve; without pedicle-opening. Ventral valve depressed- 
conical: dorsal larger than the ventral, conical with a sub¬ 
central apex. Interior of each valve with a border covered 
with granulations. Two pairs of well-marked adductor im¬ 
pressions in each valve (a, a'): the posterior pair near the margin, 
the anterior near the centres of the valves and close together, 
especially so in the ventral valve; also other smaller r'uscular 
impressions. A triangular protuberance near the centre of the 
ventral valve. Ordovician to present day. Ex. C. igndbergenaie. 
Chalk. 



204 


BBACHIOPODA. 


CLASS n. ARTICULATA 

The valves articulate by means of two teeth on the ventral 
valve which fit into sockets on the dorsal. The intestine is 
short and ends blindly. A brachial skeleton may or may 
not be present. The shell is calcareous. 

ORDER 1. PROTREHATA 

A pseudo-deltidium is developed, but sometimes disappears 
in the adult. The pedicle-opening is at the margin of the 
ventral valve, in the form of a fissure (delthyrium) either 
entirely open or more or less completely closed by the 
pseudo-deltidium. A brachial skeleton is often absent, and 
when present is represented by the crura only. This group 
is found mainly in the Palssozoic formations; in the Mesozoic 
it is represented by Theddea and other allied genera; the 
only living forms are LacazeUa and Thecidellina. 

1. STB0PH0HBNAC5A 

Spondylium absent. Pseudo-deltidium nearly always pre¬ 
sent throxighout life. Cardinal process well developed. 
Pedicle opening small, at the apex of the umbo, but closed 
in fixed forms. Ordovician to present day. 

Productus (fig. 108). Shell free, or fixed by spinee, generally 
transverse (».«. broader than long) but sometimee elongated, 
often produced into ‘ears’ at the sides. Dorsal valve concave. 
Ventral valve very convex, often sharply bent, sometimes with 
a median sinus; umbo large, incurved, not perforated. Hinge¬ 
line straight, teeth absent or rudimentary. Area linear or 
absent. Surface ornamented with radiating ribe, crossed by 
concentric folds, especially in the umbonal region. Tubular 
spines, especially in the region of the lunbo and ears. Mtiscular 
impressions strongly marked; in the ventral valve the adductors 
(a) are near the umbo, and in front of them are the divari- 
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oators (r). A prominent cardinal process (j) on the dorsal 
valve is continued as a median ridge in the interior. No 
brachial skeleton. Carboniferous and Permian. Ez. P. sem»- 
reiicukaust Carboniferous Limestone. ProducUUa, Devonian, is 
an allied form. 



Fig. 108. Products* giganfms. Carboniferous Limeetone. A. Interior of 
dorsal valve. B. Interior of ventral valve. C. Ideal section of both 
valves. D. Dorsal hinge-line, j, cardinal process; a, adductor; r, divari- 
cator; K, ventral area; 6, brachial prominence (Y); s. hollows occupied 
by the spiral arms; v, renifonn iminessioiw. (From Woodward.) x^. 

Strophalosia. Shell similar to Produciua in form; attached 
by umbo of ventral valve. A distinct ares on each valve; the 
ventral area larger than the dorsal, with a peeudo-deltidium. 
Ventral valve with two prominent teeth. Dorsal valve with a 
prominent, bifid cardincd process. Surface of ventral (and some¬ 
times also the dorsal) valve covered with spines. Middle 
Devonian to Permian. Ex. S. txoavata, Permian. 

Chonetes (fig. 109). Shell transverse, semicircular, concavo- 
convex or sometimes plano-convex. Hinge-line straight, foma- 
ing the greatest width of the shell. Teeth strong. An area on 
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each valve; dorsal area very narrow. Upper margin of area of 
ventral valve with a row of hollow, diverging spines, which 
increase in length towards the ends of the hinge>line. Delthy* 
lium more or lees completely closed by a pseudo^deltidium. 
Muscular impresaons faintly marked. Cardinal process divided. 
Surface usually ornamented with radial stns. Silurian to 
Permian. Ex. 0. atriaUOa, Upper Ltidlow. 

Leptana. Shell eoncavo*convez, semi-oval or nearly quad¬ 
rangular, ornamented with small radiating ribs, crossed by 
concentric folds on the flatter parts; anterior part bent sharply, 
often at a right angle to the posterior part. Space between 
the two valves very small. Hinge-line straight, forming the 



Fig. 109. ChoMiu, from the Devonian. A, dorsal; B, ventral valve, 
d, adductor itnprrnriinnn; c, dlvaricaton; (, teeth; e, vascular inpreesions; 

cardinal {^ooess. (From Woodward.) Enlarged. 

greatest width of the shell. A narrow area on each valve; the 
delthyrium is covered by a convex peeudo-deltidium. Umbo 
of ventral valve perforated by a small foramen except in old 
individuals. Two strong diverging teeth in the ventral valve 
supported by lamella which are continued round the muscular 
area. Muscular impressions: in the ventral valve, two narrow 
adductors surrounded by two large divaricators; in the dorsal, 
two small adductors near the centre of the valve, behind which 
are two larger adductors. Cardinal process divided. Ordovician 
to Carboniferous. Ex. L. rhomboidali*, Bala Beds, etc. 

Raflnesquina. Outline similar to Strophomena. Ventral 
valve convex; dorsal valve concave. Ornamented with radiating 
striie alternating in size, crossed by concentric growth-lines. 
Muscular area of the ventral valve faintly limited, consisting 
of two broad divaricator impressions enclosing a long, narrow 
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adductor. In the dorsal valve the posterior adductors have 
aboresoent markings, and the anterior adductor impressions 
are indistinct. Cardinal process bilobed, low. Ordovician and 
Lower Silurian. Cx. R. alUmata, Ordovician. 

Strophonella. Shell semioircular or 8enii>elliptioal; ventral 
valve concave, dorsal valve codvex. Hinge>line long, straight. 
Dorsal area narrower than the ventral; inner margins of areas 
crenulate. Muscular area of ventral valve limited by a pro¬ 
minent border. Silurian and Devonian. Ez. S. euglypha. Wen- 
lock limestone. 

Strophomena. Shell semicircular or semi-elliptical, orna¬ 
mented with fine radiating ribs; hinge-line straight, forming 
tlw greatest width; dorsal valve convex; vontral valve convex 
near the umbo, but concave in the middle. Ventral area con¬ 
spicuous, with a peeudo-deltidium; apex perforated except in 
old ago; dorsal area narrow. Teeth diverging widely, supported 
by plates, which are produced into ridges nearly surrounding 
the muscular area; the latter is divided by a median ridge. 
Dorsal valve with a ridge separating two large adductor 
impressions, in front of which are two narrow impressions. 
Ordovician and Silurian. Ex. S. antiqttala, Wenlock Limestone. 

ScheUwlenella. Ventral valve flat or slightly concave, with 
a slight convexity around the umbo; dorsal valve convex. 
Valves oraanMnted wi^ fine radiating ribs; hinge-line usually 
shorter than the width of the shell. Without a median septum. 
Ventral area prominent, often high, the two sidee sometimes 
unequal; delth3nium closed by a peeudo-deltidium; miucular 
impressions fan-shaped; dental plates short, diverging. Dorsal 
area rudimentary or absent; the cardinal process fairly strong. 
Silurian to Carboniferous. Ex. S. creniatria, Carboniferous 
Limestone. 

2. OBTHAOBA 

Spondylium and pseudo-deltidium absent except in the 
older genera. Delthyrium open. Cardinal process usually 
more or less well developed. Cambrian to Fennian. 

Orthis (group) (figs. 110, 111). Outline sub-circular or 
quadrate. Both valves more or less convex. Surface radially 
ribbed or striated. Hinge-line straight, sometimes equal to the 
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width of the shell, but generally shorter. An cues on each 
valve; \iBually with an open deltbyrium in the ventral valve, 
and a similar opening in the dorsal 
valve. In the ventral valve two large 
teeth,supported by dentalplates. Foiu* 
muscular impressions in the dorsal 
valve. Two long, narrow impressions 
(d) with two smaller ones (a) between 
them in the ventral. Cambria to Car- OtOm cam^rnmnia 

boniferous. Onhia, as defined above, Davidaoni, OrdoTioan. 
includes a large number of specie (From Nicholsra.) 
which have been divided into numerous 

groups now regarded as genera, some of which are Orthia 
(restricted), PUayatrgphia, DabnaneUa, 5cAi*opAorio, Rhipido^ 
maUa, BUobiiaa; four of these are briefly described below: 

Orthis (reetricted) (fig. UO); Shell plano-convex, with semi- 
circular to semi-oval outline; with few strong shaiTp riba, rarely 
bifurcating. Hinge-line wide. Area of the ventral valve elevated. 
Cardinal process in the form of a thin vertical plate. A small 
flat plate sometimes foimd in the apex of the delthyrium. Shell 
not punctate. Ordovician to Silurian. Ex. 0. caUoctta, 0. caUi- 
gramma, Ordovician. 

Platyatrophla. Shell spiriferoid in form, with long hinge¬ 
line, and sharp radial folds; both valves very convex, with the 
two areas of nearly equal size. Ventral valve with a strong 
median fold, dorsal valve with a corresponding sinua. Cardinal 
prooees a simple linear ridge. Shell not punctate; surface finely 
granular. Ordovician and Silurian. Ex. P. lynx, Ordovician. 

BUobltes. Shell small, bilobed, coarsely punotate; ven^ 
valve more convex than the dorsal, both with a deep median 
sulcus and ornamented with fine radial ribs. Hings-line shorter 
than the width of the shell. Ventral area larger than the dorsal, 
delthyrium open; teeth strong, dental plates thick; muscle area 
bUobed, divided by a median ridge. Dorsal valve with thick 
cardinal process and a long blade-like plate coming ofi from 
each side of the hinge. Upper Ordovician to Middle Devonian. 
Ex. B. bilobua, Silurian. 

Schlzophorla (fig. 111). Shell puncUte, ornamented with 
fine hollow strie bearing short spinea. Dorsal valve more 
convex than the ventral. Hinge-lino shorter than the width 
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of the shell. Cardinal process with accessory ridges in old 
individuals. Dorsal valve with 4 to d deep pallial sinuses 
(fig. Ill A). Silurian to Upper Carboniferous. "Zx.S.rtsupinata, 
Carboniferous. 


A B 

Fig. 111. OrfAis (ScAtzopAoria) «(rta/u2a, DeTonisn. A. Interior of dorsal 
valve. B. Ventral valve, e, curved brachial proceesee (crura); v, genital 
impressiona; A, area arith delthyrium; t, teeth; a, adductors; d, divari* 
catore. (From Woodward.) Natural size. 

3. PEMTAMBBACEA 

Spondylium well developed. PeeudO'deltidium present in 
primitive forms, but absent in later types. Brachial skeleton 
represented by crura. Valves tend to be elongate instead of 
transverse. Cambrian to Permian. 

Conchidlum (fig. 112). Shell large, oval or subtngonal, 
bioonvex, with strong radial ribs; not punctate. Ventral valve 
the more convex, with prominent incurved timbo usually 
touching the dorsal valve and concealing the delthyrium. 
Hinge-line curved. Ventral area narrow. Delthyrium wide, 
covered. Median dorsal fold and ventral sinus slightly de¬ 
veloped or absent. Dental plates unite to form a long, narrow, 
deep spondylium supported on a long median double septum. 
Dorsal valve with two long septa. Silurian. £x. C. AnipAn, 
Aymestry limestone. 

Pentamerua. Internal structure similar to Conehiditsm. 
Surface smooth or with faint undulations in front. Outline oval 
or approaching pentagonal or hexagonal; trilobed in front. 

14 





WF 


BBACHIOPODA 


210 


Hinge-line gently citfved, no areas. Ventral umbo le»« pro¬ 
minent and valves lees convex than in Conehidium. Oelthyrium 
open. Silurian. Ex. P. obhngua, Llandovery. 

Gypidula. Surface smooth or with rounded ribs. Hinge* 
line short, straight. A median sinus in the dorsal valve and 
a fold in the ventral, but usually on the anterior part only. 
Ventral valve usually very convex, with inflated and strongly 
incurved \ucnbo, and a nurow area; delthyrium large, open. 
A narrow spondylitun supported by a septum for part of its 



Fig. 112. CoscJUditmimtgAS.AymestryLiffleftooe. A. Transverse section. 
B. Longitudinal section, s. septe; d, spondylinm; v, space between dorsal 
septa. (From Woodward.) xf 


length. No aiaa in the dorsal viUve. Silurian and Devonian. 
Ex. O. gypidula, Wenlock Limestone. SiebertUa (Silurian and 
Devonian) is similar to Gypidula externally. 

Strlckiandia. Shell large, oval or sub-circular, smooth or 
with ribs; oonvexity of valves nearly equal, sometimes with a 
fold and a sinus. Umbo of ventral vaive not prominent. Hinge¬ 
line straight; an area on each valve, the dorsal being small. 
Delthyritjm open. Spondylium and its supporting septum very 
short. Dorsal valve with short crural processes. Silurian. 
Ex. S. Unt, Llandovery Beds. 

Camerophorla. External form similar to RhynchoneUa, 
with radial folds; ventral umbo shmp, incurved. In the ventral 
valve the dental plates converge to form a short txoiigh (spon¬ 
dylium) supported by a long medium septum. In the dorsal 
valve a trough-like plate is supported by a median septum. 
Carboniferous and Permian^ Ex. C. aclUotheiini, Permian. 
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ORDER II. TELOTREMATA 

The pedide-oponing is confined to the ventral valve in the 
adult, and is either at the umbo or beneath it. A deltidium 
is developed, and a brachial skeleton is nearly always present. 
There are three main divisions. 

1. SPIBIFBRAOBA 

Brachial skeleton spiral. Apex of umbo generally not per¬ 
forated. Punctation of shell generally a^nt. Ordovician 
to Jurassic. 


A B 

Fig. 113. Spirifer $triattu, Carboniferooe. A. Interior of dorsal valva 
showing brachial skeleton. B. Interior of ventral valve, showing miucular 
iropreaetons, area, and delthyritim. (From Woodward.) x 

Splrifer (fig. 113). Shell trausveree, more or less triangular, 
tisually alate, biconvex, ornamented with radial riba Often 
with a sintts on the ventral veUve and a ridge on the dorsal. 
Hinge-line straight, long. An area on each valve, the ventral 
one triangular, often transversely striated, with a delthyrium 
which is partly closed by a deltidium; dor^ area small. Teeth 
supported by short dental platea Brachial skeleton often 
filling a great part of the interior of the shell, formed mainly 
of two spirals, with their apices directed laterally. Silurian to 
Permian. Ex. S. etriattu, Carboniferous Limestone. Mariinta 
includes 'Spirifers* with a short hinge, usually smooth surface, 
and without dental plates (e.g. ilf. gk$ber, Carboniferous). 

Spiiifeiina. Similar to Spirifer, with a high median septum 
in the ventral valve, and a punctate shell. Carboniferous to 
Laas. Ex. S. wakotti, Lias. 
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Syrinftothyris. Similar to ^ri/er, but with a hi^ ventnU 

Brea and an Smal spUt tube in the delthynum. i^lti^um 
convex, not perforated; a aemi-oval pedicle-opening at ita baae. 

Carboniferoux. Ex. S. ctisptdcUa- . 

Cyrtla (Bg. 100). Are* on the vontral valve ™ry 1^, 
delSn n^w, convex, with a perforation m the middle 
for the pedicle. Dental platoa well developed but not joining. 
B^JTrfeton aa in Spin/er. but tl« apices ot^ spu^ 
nearer the hinge-line. Saurian and Devoman. Ex. C. erpor- 
rseta. Wenlock Lizneetoae. . 

Uncltee. SheU elongate-oval, biconvex, atnated. itoge-lme 

curved, no area. Umbo of ventral ‘“: 

curved, often distorted; pedicle-opemng closed m the 
a concave deltidium. Dental plates strong. Ap« 
valve incurved and parUy hidden in the vent^ valve: 
process prominent. Brachial skeleton spi^, apices of spires 
directed laterally. Devonian. Ex. U. gryphui. 

Merlstlna. Shell biconvex, smooth; hinge-hno curved, no 
aiea. Ventral umbo incurved in the adult, so m ^ 
the foramen. Teeth supported by dental platw w^ch 
nw the middle of the valve. Spires of brachud skeleton 
pointing laterally, joined by a ^ea^g a ^an stem 

Shichis forked at ita end. SUurian. Ex. M. mrnufa. 

Athyris. Shell with transversely eliipUoal or siA-citcuIm 
outUne and a median sinus; the two valves nearly 
convex. Surface often with concentric growth-lmw 
into lamell*. Hinge-line curved. Ventral um^ meurv^, 

usually concealing the pedicle-opening and deltidium; with 
promiLnt teeth supported by dental plates; four 
impiessions. Dorsal valve with a tube from the mtenor of the 
yjve opening at the hinge. Brachial skeleton consisting of two 

spires joined by abaad;theapice8of the spires pomtmglat^y. 

Svoiian and Carboniferous. Ex. A. coneentnea, Devoman. 

Atrypa (fig. 114). Shell sub-circular or oval, ornamented 
with radiating ribs, often crossed by weU-marked 
Ventral valve convex near the umbo, depressed m front; dorsal 
valve often much inflated. Hinge-line short, slightly curved; 
no area. A small circular foramen near the apex with a small 
deltidium below. Two strong orenulate teeth; mi^ular 
pressions grouped at the centre of the valve. Brachial skeleton 
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formed of two spirals with their apices directed towards the 
centre of the dorsal valve; the two spues joined by a band 
near the umbo. Ordovician to Devonian; abundant in Silurian 
and Devonian. Ex. A. reticularis, Wenloek Limeetone. 
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Fig. 114. Atrypa reticvJans, W«mlook Limeetooe. A. Dorsal valve, 
ahovring brachial skdeton. B. Interior of ventral valve, o, impreesiona 
of adductor moecles; c, divaricator muscles; p, muscles of pedide; 
o, genital impression; d, deltidium. (Ftom Woodward.) Natural size. 

3. RHYNOROMBLLACEA 

Brachial skeleton represented by crura only, but sometimes 
absent. Apex of umbo seldom perforated, since the pedicle 
opening is nearly always below it. The absence of punctation 
in the shell is almost constant. Ordovician to present day. 

Rhynchonella. Shell triangular, sub-pyramidal owing to the 
sinus in the ventral valve which is broad and deep in &t>nt 
where it produces a tongue-shaped extension; the dorsal valve 
with a corresponding fold. Surface with radial stzis. Ventral 
valve: umbo small, sharp, slightly curved, with the foramen 
below it and surrounded by the deltidium. Teeth large, crenu- 
late; dental plates short, vertical. Adductor impreesions oval, 
surrounded in front and at the sides by the elongate divaricator 
impresrions. Posterior divaricator and pedicle muscle impres¬ 
sions small, situated in the umbonal part. Dorsal valve: 
cardinal process small. Crura narrow, slightly curved towards 
the ventral valve. Dorsal septum reaches to the centre of the 
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valve. Anterior adductors large, oval, on each side of the 
septum; posterior adductors a little smaller and narrower. 
Upper Jurassic. loxia. 

Cyclothyiia. Shell oval or triangular, not perforated by 
canals, ornamented with numerous radial ribe. Both valves 
convex; usually a median sinus on the ventral valve and a 
corresponding ridge on the dorsal. Ventral umbo small, acute, 
more or le— incurved; foramen just below the umbo, almost 
surroimded by the deltidium. Ventral valve with two strong 
teeth; dental plates short, diverging; muscular area oval—two 
large divarioator impressions enclosing small adductors. Brachial 
skeleton consists of short crura; no cardinal process; median 



Fig. 116. jfesuAyru prittoceo, Recent. A, interior of ventral: B, interior 
of dorsal valve. /, foramen: d, deltidium; i, teeth; a, addnetcr impree- 
•iona; r, divaricator impressioDS; p, peduncular impraestoot; e, genital 
impreaeiona; r, denteJ aockets; c, crura; $, aeptum. (From Woodward.) 
Natural sice. 

septum in the dorsal valve feeble or absent. Cretaceous. Ex. C. 
2atrmf?ia,I.ow8rGreensand. KumeroiuapecieefoundintbeMeeo- 
zoic axo similar in form to Rh^fneheneUa and CydoikyrU, but 
differ in internal structures and are regarded as distinot genera. 

Acanthothyrls. Differs from Oydothyria mainly by the 
development of numerous spines all over the surface of the 
shell. Ventral sinus and dorsal fold usually little developed. 
Jturassic. Ex. A. ^tnoM, Inferior Oolite. 

Hemitbyrls (6g. 116). Shell oval to sub-tria n gula r , with a 
single fold in front; smooth or faintly ribbed. Ventral umbo 
high, with the pedicle opening below it; the two plates of the 
deltidium tiiangulsr and separate. Teeth prominent, with 
dental plates. Cnira short, curved. Pliocene to present day. 
Ex. n. pniUnrm. 
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Rhynchotreta. Shell elongate'tziangular, with'strong radial 
folds; anterior sinus and fold small. Ventral valve: umbo erect, 
foramen at the apex, nearly surrounded by the large, hi g h 
deltidium. Dental plates vertical. Divarioator impressions 
elongate; adductor impression central, small. Dorsal valve: 
crura long, slightly curved; cardinal process small; a median 
septum extends to half the length of the shell and divides at 
the posterior end. Silurian. Ex. H. cwieata, Wenlook limestone. 



116. Fufitax acuminaiv*, Csrbooiferous limestone. Internal caste. 
A. Ventral valve. B. Dorsal valve and posterior part of ventral. F,‘vss. 
oular’ impresaions; O, genital impressions: adductors; B, divaricators; 
P, musclee of the pedicle. (From Woodward.) Natural size. 

Wllsonla. Shell 8ub>cuboidal or 8ub>pentahedral; with small 
radial ribe, each with a fine median line in front. Margins of 
valves sharply serrated. Fold and sinus not sharply developed 
except at the anterior margin; anterior slope abrupt. Dental 
plat^ united to the lateral walls of valve. Divaricator impres¬ 
sions large and deep in the ventral valve. Clardinal process 
absent. A median septum in the dorsal valve. Siliuian. Ex. W. 
urilsoni, Wenlook limestone. 

Pugnax (fig. 116). Ventral valve shallow, dorsal valve deep. 
Median sinus and fold veryprominent,causing the frontraargin to 
be elevated and often acuminate. Some radial ribs present. Dental 
plates short. No median septiun in the dorsal valve. Devonian 
and Carboniferoxis. Ex. P. acutfunatut. Carboniferous Limestone. 
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8. TSBEBBATULAOBA 

Brachial skeleton in the form of a loop. Apex of the umbo 
generally truncated for the passage of the pedicle. Shell 
punctate. Devonian to present day. 

Terebratula {figs. 99, 117). Shell biconvex; oval, elongate 
or rounded; suriaoe nearly always smooth, finely punctate; 
often with two folds on the dorsri valve and two corresponding 
sinuses on the ventral, Hinge-Une curved. No dental plates. 
Umbo of ventral valve truncated by a large cirexilar foramen 
with a deltidium at its base. Brachial skeleton in the form of 
a short triangular loop extending about a third the length of 
the shell. Adductor impreesionB strong in the dorsal valve, 
widely separated. EJocene to Pliocene. Ex. T. tertbrotula. 
Pliocene; T. bisinwUa, Eocene. The Meeosoic species com¬ 
monly referred to ‘Terebratula’ are now regarded as belonging 
to distinct genera. 

Dietyoihyrii (Jurassio) is similar to TerebratuJa, but with 
fine radial ribs and concentric lines; ex. D. coaretata. DitJaama 
(Devonian to Permian) and C«no«fcyrts (Trias) are distinguished 
from the Terebratule of Jurassic and later formations mainly 
by the possession of well-developed dental plates. Ex. Dielosma 
haatatum, Carboniferous; Ctencihyria vulgiria, Trias. 

Terebratullna (fig. 118). Fonn simUar to TerebrataUi. 
Ornamented with fine radiating ribs. Umbo short, foramen 
large; the two plates of the deltidium small, separate. Two 
ear-like prooesees at the sides of the dorsal rimho. Brachial 
loop short, with a ring formed by a band joining the crural 
points. No septum in the dorsal valve. Jurassic to preeent day. 
Ex. T. stnaki. Chalk; T. capui-Hirpantia, Recent. 

Magellanla(s WaMhaimia) (fig. 102). Shell biconvex, ovate; 
smooth or with radial folds on the later parts of the valves. 
Hinge-line curved. Umbo prominent, truncated by a large 
circular foramen; plates of deltidium united. Brachial skeleton 
extending to near the front of the shell and then bent back 
on itself; a median septum in the dorsal valve, but not joined 
to the brachial skeleton. Muscular impressions as in fig. 102. 
Tortiary and living. Ex. M. flaveacana. Recent. 
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MtigtUania in the reetricted sense includes species of the type 
of the recent M. flaveaceng. A large number of species found 
in the Mesozoic rooks resemble^ MageUania, but show some 
differences, mainly in intemsl oharaoters; they are nowregarded 
as constituting a number of distinot genera, some of the more 
important being: ExuUaxa (ex. E. oardium. Great Oolite); 
ZtiUeria (ex. Z. comtda, Lias); OmUhtHlix {ssMicrothyrit) (ex. 
0. omithocephaJa, Combrash); Aulaooihyru (ex. A. rtsupmaia. 
Lias): Ohovothyria (ex. 0. obovata, Combrash); Digonella (ex. 
D. digona, Bradford Clay). 




Fig. 117. Terebraiula {Oryphu) vitrta. Recent. Interior of dorsal ralve, 
showing the brachial skeli^n. (Prom Woodward.) x ]. 

Pig. 118. Tertbralvlina captU-urpeniia. Interior of dorsal Talve. Recent. 
(From Woodward.) x 2. 

Terebratella. Shell oval, usually with radiating ribs. Ven> 
tral valve very convex; dorsal more or less flattened. Hinge¬ 
line broad, straight or slightly curved; an area present. Umbo 
with a large foramen, below which are the two plates of the 
deltidium, either touching or nearly touching. Brachial skeleton 
similar to Magellania, but descending branches joiped by a band 
to a septxim in the middle of ^le dorsal valve. lias to present 
day. Bx. T. pectita. Upper Greenssmd; T. doracua, Recent. 

Strin^ocephalus (fig. 119). Shell smooth, circular or oval 
in outline. Ventral valve with a sharp, prominent, incurved 
umbo: area present. Pedicle opening large in young individuals, 
but smaller and oval in adults on acoovmt of the development 
of the deltidium- Ventral valve with a median septum '(vs), 
which extends from the umbo almost to the front of the valve. 
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and increaaea in height towards the latter. Dorsal valve less 
convex, with a smaU septum (s). and a long slightly curved 
cardinal process (j), divided at its extremity to embrace the 
ventral septum. The brachial skeleton consists of the crura (c), 
arising from the hinge-plate (p). which paas to the middle of 
the sheU; from the crura the descending branches (1) come off 
and form a ring paraUel and near to the margin of the valve. I 



Pifl 11®. atringoctpSalus frertoiu, Devcauan. A. Dorsal valve. B. Profile, 
o/adductor; c, crora; I, defending branch; j, cardinal proce«; p. hinge, 
plate; t, dorsal septum; w, ventral septum; I, dental aockets. (Prom 
Woodward.) x}. 

Dittribviion of the Brnchiopoda 

The Brachiopods are all marine, and ore found in all parts 
of the world. At the present time they are much less 
numerous than in former periods of the earth’s history, there 
being only about 178 living species belonging to 60 genera; 
of these species 38 are Inarticulate^, 137 Articulates. Of the 
latter group five species belong to the Protremata and 132 
to the Telotremata—this being the predominating group of 
Brachiopods at the present day and represented by 16 


Devonian. Ex. S. buriwi. 
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Bhynchonellids and lid Terebratulids. Many forms occur 
more abundantly where the sea-bottom is rooky, or stony, 
or formed of corals, than where it is soft and muddy; 
^frequently they are much localized, being found in enormous 
numbers at one spot, whilst, in the adjoining areas, they 
are sparsely distributed. Over 70 per cent, of the existing 
species are found between the shore-line and a depth of 
100 fathoms, and several of these do not extend beyond this 
limit. Brachiopods arc most abundant between 15 and 
100 fathoms; their relative scarcity in the Littoral zone 
(p. 295) is probably due to the fact that most of them are 
attached by the p^cle and would easily become displaced 
in the rough waters of the shallow sea. As a whole the 
Brachiopoda are characteristic of shallow water. Below 
150 fathoms they soon become comparatively rare; but 
some species occur in deep water and in abyssal regions 
down to 2900 fathoms and are characterised by their thin 
shells. 

The majority of the Inarticulata are found between low- 
water mark and a depth of 15 fathoms; of the remainder, 
all but one occur between 16 and 100 fathoms. The principal 
littoral genera are Lingula, DUcina and DiscinUca which 
extend from the shore-line to a depth of about 20 fathoms. 
The littoral and shallow water species characterise warm 
seas, and are more numerous and possess thicker emd often 
larger shells than those found in deep water and abyssal 
regions. CTonia ranges from 2 to 800 fathoms and is the 
only Inarticulate genus living in the shallow water of cooler 
regions, mainly those of the Northern Hemisphere. 

The Articulata, although represented by 15 species in 
water of less than 15 fathoms deep, are mainly charac- 
teristic of depths between 16 and 100 fathoms. The Rhyn- 
chonellids do not live at depths of less than 16 fathoTi.s and 
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are found mainly in deep water; they occur in nearly all 
parte of the oceans from the Arctic to the Antarctic regions: 
some of the species are found in warm seas but the majority 
live in cool waters; some species have a restricted geo¬ 
graphical range, others occur in several provinces, and one 
psiftoceo) is found throughout the greater part 
of the Northern Hemisphere. In depth Hemiihyris ranges 
from 16 to 2084 fathoms. The Terebratulids are most abun¬ 
dant, both in individuals and species, between the shore-line 
and a depth of 100 fathoms, where 67 per cent, of the species 
are found. 

Geographically, the Brachiopoda which live in compara¬ 
tively shallow water are distributed in provinces, agreeing 
generally with the Molluscan provinces (p. 297), and these 
can be grouped into larger regions. Each province u 
characterised by the presence or abundance of certain 
species, the ranges of which are determined mainly by 
climate. A few species, as for example Terebratulina caput- 
aerperUU, have a very wide geographical distribution, ex¬ 
tending from polar to tropica! regions, and also have a 
great range in depth, the form mentioned being found from 
the shore-line down to 1180 fathoms. 

The species found in deep water have generally a much 
wider geographical range than those confined to shallow 
water; and the polar or boreal species have a wider range 
than those found in warmer regions, since, in lower latitudes, 
they can find a suitable temperature at greater depths. 
Since Brachiopoda are fixed animals it is only in the free- 
swimming larval stage that the range of a species can be 
extended. In most genera this stage is of shOTt duration, 
so that mi gr ation can take place only in shallow water, 
where there is some foundation to which the Brachiopod 
can attach itself at the end of the free-swimming stage. 
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Brachiopods are very abundant in the Paheozoic and 
Mesozoic formations, and are usually well preserved on 
account of the fact that their shell generally consists of 
calcito. The majority of the living genera are represented 
by species in the Tertiary formations, and a few by species 
in earlier deposits; of these LingxUa and Crania have existed 
Bince the Ordovician period, and others {e.g. LacazeUa, 
Megathyris, TerebraUUa, TerebratiUina) since Jurassic times. 
In connection with the remarkably long range in time of 
Lingula it is interesting to note the habitat of the living 
species. Lingula lives in tubes which it burrows in the 
sediment on the sea-floor, and is attached to the tube by 
means of the pedicle; it survives when left uncovered by 
the sea for several hours, and can live in places which have 
become putrid owing to the decomposition of organic 
matter; further, when buried by a rapid deposit of sediment 
which kills molluscs and other brachiopods. Lingula survives 
by tunnelling to the surface. 

Cambrian. The earliest Brachiopods occur in the Lower 
Cambrian {pierUUut Beds), where more than 20 genera are 
represented. The majority of the Cambrian species belong to 
the InarticxUata; the Proteemata are also represented, but do 
not become important until the Upper Cambrian. Atremata: 
RuM«aa,Micriymiira,Obolu», Lingul^, Kutorgina. Neotremata: 
OboUUa, AcrotheU, Acrotreta. Protremata: JoortXis, BiUing$«lla. 

Ordovician. Brachiopods are much more numeroxis than in 
the Cambrian, especially the Articulate forms belonging to the 
Protremata, of which the Orthids and Strophomenids show a 
great development. The Telotremata appear first in the Middle 
» Ordovician. Atremata: Linguia, LingultUa. Neotremata: 
Siphonoirtia, Trtmati*. Protremata: OrthU, Platystrophia, 
Strophomena, Rafinetguina, Leptmna, ClitamboniU9. Telotre- 
mata: Protorhyncha. 

Silurian. Brachiopods have attained their maximum de- 
velopment. The InarticuJates now form a relatively small pro- 
1 portion of the total number. Most of the genera found in 
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til® OrdovioUui survive into tiie Silurian, but Pen/omerus, 
CoruAititum, Oypiduia and ChoneUi now appear, a^ the Telo- 
tremata have become important. Atremata: Lingula, Tri~ 
merella, IHnoMus. Neotremata: OrbieuloUUa. Protren^ta: 
Orthis, Lalmanella, Bilobite*, Pentamerua, Oyptdula, Stnck- 
landia, Leptana, StnyphonaUa, Strophomena, ChoneUa. Telotre- 
mata: Mari^tina, Soapirifar, Atrypa, Cyrtia, Bhynchctrata, 

Camarotaehia, WiJaonia. . « v j # 

Devonian. Although showing some decline Brachiopods form 
a very important part of the Devonian faunae. In ti» main 
the genera are similar to those of the Silurian, but Strtngo- 
caphalua, Uncitaa, Magalanteria and others are restricted to the 
Devonian, and the Productids and Terebratulids are now repre- 
sented by ProducUUa and DiOaama respectively. Probata: 
ProducUUa, DalmenuUa, Schizophoria, RhiptdomaUa, Laptcana, 
Siabartila. Telotremata: Spirifar, Cyrtina, Uncitaa, Athyria, 

Atrypa,Uncinulua,Hypoth^ina,CenironeU^ 

Carboniferous. Orthids, Stxophomemds, ProducUds, Spin- 
ferids and RhynchoneUids are abundant. Under favo^ble 
conditions Inarticulates are common. Atremata: Ungula. 
Neotremata: Orbiculaidaa, Crania. Protremata: 

ChOMtta, SOiizophoria, Schalhnandia. Telotremata: Spirtfar, 
Martinia, Syringoihyria (Carboniferous only), Athyria, Pugnax, 

Dialaama. r, j ^ 

Permian. In England the chief genera are Produdua, 

Straphaloaia, Camarophoria, Spirifar, Dialaama. In the Salt 
Range of India, MongoUa, etc. many others are found: Schuo- 
phoria, RhipidomeUa, Straptorhynchua, LytUmia, Auloatagaa, 
Biohthojenia, Spiri/eralla. 

Trias. Most of the PaUeoaoic genera have died out, but Sptrt- 
farina and Cyrrino persist into the Trias. Koninckina, belonging 
to the Spiriferaoea is confined to the Trias. Tto chief forms are 
RhynchoneUids and Terebratulids {Coancthyria). 

Jurassic. The Inarticulates are represented by Lingula, Orb%- 
euMdaa, and Crania which are sometimes abundant. Protre¬ 
mata: represented only Lacaxaila and its alhee and Cadam^la. 
Telotremata: Spir^arina survives into the Lias. The abimdance 
of species commonly referred to 'Tartbraiula,' 'Magallania, 
and ^Rhynchonella' is the striking feature of the Jurassic 
Brachiopoda. Tarabratalla and Tartbratulina also occur. 
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Crefcacooiis. Neotremata: Crania is common in the Chalk. 
Protremata; Thecidia and allied forms. Telotremata: Tere* 
bratulids and Rh 3 aichonelUds azjs still abundant. TertbrattUina 
and Ter^ffatella are more important than in the Jurassic. 
Magat, Kingena, Trigonoeemua and Tertbrirostra are confined 
to the Cretaoeous. 

Tertiary. Braohiopods are poorly represented and form an 
insigaificant part of the Tertiary faunas. Neckrly all belong 
to genera which are still living, e.g. XAngula, TerebratulOi 
Tertbralulina, and Mag^iania. In England Braohiopods are 
found chiefly in the London Clay and the Pliocene deposits. 




PHYLUM POLYZOA 


ClasM 


1. Ecioprocte 


Ordera 

1. Phjrlaotolsmft 

2. Qymnoliema... 


2. EntoprocU 


Svb-Ordva 

I 'l. Ctenoatcmat* 
2. Cyclofltomata 
2. Ti^pottomata 
4. Cryptoatomato 
5. Cbeiloctomata 


With the exception of the genus Loxowma all the Polyzoa' 
are colonial animals, numerous individuals living in associa¬ 
tion. The colony is nearly always fixed, and may be arbores¬ 
cent, laminar, almost massive, or encrusting shells, stones, 
or plants. The entire colony is known as the zcanum; each 
individual (fig. 120 A) has a sac-like form; at the upper 
end there is a platform or disc, the lophophore, on which 
tentacles (<) are placed, arranged either in a circle or in 
the form of a horse-shoe. In most forms the tentacles are 
not contractile, but are provided with cilia, which produce 
a current of water that conveys food to the mouth (o). 
The anal aperture (a) is near the mouth, generally below 
the lophophore, but in some forms within the circle of 
tentacles. On account of this approximation of the mouth 
and anus the abmentary canal is bent into a U-ahape; in 
it may be distinguished oesophagus (oes), stomach («0. and 
intestine (in/). Between the alimentary canal and the 
body-wall is a spacious body-cavity. The nervous system 
consists of a single ganglion (g) placed on the side of the 
oesophagus facing the intestine. The pol 5 r 2 oa multiply by 

^ The name Brytnoa ie uaed for this Phylum by many authors. 
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budding and sexually, and are generally hermaphrodite. 
Heart and blood«veeeels are absent. 

The structures described above form together what is 
known as the polypide; this is contained in the body-wall 
or zocecium. The outer la^rer of the zocecium, known as 




Pig. 120. A. Diagram of the structure of a single Polyzoao individual. 
.8, body-wall; t, tentacles; o, mouth; ou, oesophagus; st, stomach; tnl, 
intMtlne; a, anus; g, ganglion; f, funioulus; ov, ovary; tp, testis. B. Avi* 
cularium <k Bufttla, ei^rged. b, beak; md, marble; C, chamber; 
p, peduncle; om, ocoluaor muscles; dm, divarioator muscles. (After 
Hindu.) 

the ectocygt, generally becomes hardened by calcareous or 
ohitinous matter, and after the death of the animal this 
alone remains; its surface is usually ornamented with ribs, 
etc. The anterior part of the polypide can be withdrawn 
by means of longitudinal muscles into the zooeciiun, just 
as the finger of a glove can be puUed into the hand. In 
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some Polyzoa (the C^clostomata, etc., fig. 121 B) the zo* 
cccium is tabe-likc, the aperture is at the end and is of the 
same diameter, or nearly so, as the rest of the tube. In 
others (the Cheilostomata, fig. 121 A) the zooecium is more 
or less box-shaped, the aperture (m) is contracted and is 
not terminal, but is situated in front near the anterior end, 
and is provided with a movable lid or operculum. In many 
of the Cheilostomata there is at the anterior end of the 
zooecium, above the aperture, a projecting chamber (o). 



fig. 121. A. Portion of landsboroviy » Cheiloetomatous Polytoan, 

R^nt. 0 , o<sduin; m, aperture of the coisoium; o, avioularium. B. Por¬ 
tion of Ti^uUporafimbrw, a QycloetomatouB Polj'zoan, Recent. Enlarged. 

termed the ovicdl, into which the ova pass. In many forms 
of Cheilostomata some of the individuals are modified so 
as to form appendages termed avicuhria and vibracula. The 
avicularium (fig. 120 B) may be sessile or placed on a 
peduncle (p), and in the more specialized forms has some¬ 
what the appearance of a bird’s head, consisting of a 
chamber (C) produced into a beak and provided with a 
mandible {md) which is kept constantly snapping by means 
of muscles in the chamber. The vibraoulum consists of a 
long seta kept in motion by means of muscles at its base. 
The individuals of a colony may communicate with one 
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another, either directly, or by means of communieatum- 
plates; these are portions of the zooecium which are thinner 
and perforated. The surface of the zoeecium may be smooth 
or punctate, or ornamented with spines, granules, or ribs. 

The Polyzoa are divided into two classes, (1) the Ecto- 
procta, (2) the Entoprocta. The Ectoprocta only are found 
fossil. 


CLASS I. ECTOPROCTA 

The anal aperture is not situated within the area of the 
lophophore. There are two orders, (1) the Phylactoltema, 

(2) the Gymnolssma. 

ORDER I. PHYLACTOLiEMA 

The lophophore is horse-ahoe-shaped. There is a tongue¬ 
shaped lip in front of the mouth, known as the epiatome. 
The forms included in this order are found only in fresh 
water and do not occur fossil. 

ORDER 11. OYMNOLi£»A 

The lophophore is circular, and there is no epistome. There 
are five sub-orders, (1) Ctenostomata, (2) Cyclostomata, 

(3) Trepostomata, (4) Cryptostomata, (5) Cheilostomata. 
The third and fourth are extinct. 

8UB.ORDER 1. CTXSOSTOMATA 

The zoarium is horny or membranous. The zooecia are 
usually isolated, and develop by budding from a tubular 
stolon; their orifices are terminal and can be closed by 
setfis. This group begins in the Ordovician and is represented 
by Hhopalonaria, Vinelia and a few other genera in the 
Palaeozoic. 


i5-a 
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SUBORDER 2. CYCLOSTOMATA 

The zocecia are oaloareous and tubular, and seldom divided 
by transverse partitions; aa a rule all are of one size, since 
mesopores, acanthopores, avioularia, and vibracula, are 
generally absent; the apertnres are round and terminal, 
not constricted and not provided with an operculum. There 
may be a brood-pouch, formed of one or more modified 
zocecia. Such a brood-pouch is called an ooEcium, and is a 
gotuxcium if composed of one, or a goMcysi if of more than 
one zooscium. But ovioells, such as are characteristic of 
the Cheilostomata, and are not modified individuals, are 
never present. 

Stomatopora. Zoarium encrusting, of branching rows of 
zocecia in single file. Ordovician to present day; common in 
Jurassic and Cretaceous. Ex. S. granxdata, Cretaceous. 

Berenices. Zoarium a thin, flat, encrusting sheet—discoid, 
fan-shaped, or irregular. Zoosoia simple, tubular, arranged in 
irregularly alternating lines. Ordovician to present day— 
common in the Jurassic and Cretaceous. Ex. B. diluviona, 
Lias to Oxfordian. 

Idmonea. Zoarium encrusting or erect Zocecia arranged 
in alternating transverse rows on one face only of the zoarium. 
Jurassio to present day. Ex. I. Jutgenotoi, Lower Greensand. 

Entalophora. Zoarium of erect cylindrical bramches, with 
the zocecia opening on all sides of the branch and arranged 
irregularly or quincunoially. Jurassic to present day. Ex. 
B. virgula, Cretaceous. 

Theonoa (ofasMCufaria). Zoarixim large, generally massive 
and globose. Zocecia in the form of long tubes, with horizontal 
tabulse, in contact laterally, and forming bundles which are 
either distinot and radiate from the base to the periphery, or 
fuse into laminse which intersect. Jurassio to Pliocene. Ex. 
T. aurorUtum, Coralline Crag. 

Pistullpora. Zoarium varying from encrusting to massive 
or rarely branching. Zooeoia more or lees rounded or pyriform, 
with hood-like pkrojections to the zooecial aperture called 
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lunaria; walls thin, diaphragms few, complete. Spaces between 
the zoceda smooth or granular on the surface, occupied in* 
ternally by one or more series of vesicles. Ordovician to Per¬ 
mian, chiefly Silurian to Lower Carboniferous. Ex. F. comavica, 
Wenlock; F. minor. Carboniferous. 

Ceramopora. Zoarium discoidal, free, attached by the 
centre of the base or encrusting (often on smooth'Shelled 
brachiopods); under surface with one or more layers of small 
irregular cells. Openings of zocecia radiating outwards from a 
depressed centre on the upper surface; apertures large and 
oblique, with lunana; diaphragms absent. Meeopores irregular, 
short, numerous. Pores in walls of zocecia and meeopores. 
Ordovician and Silurian. Ex. C. imbrtoofo, Silurian. 

SUB-ORDER 8. TSSPOSTOMATA 

The 2k>aria are massive or branching, and composed of 
calcareous tubes of two sizes, the larger ones being the 
zooeoia, the smaller being known as rwsopores. Both meso- 
pores and zooecia are crossed by horizontal partitions 
{diaphragms ); these are more closely spaced in the mesopores. 
(Curved partitions known as cystiphragms are sometimes 
present in the zocecia in addition to the diaphragms. Tubular 
spines (acanihopores) occur in some genera at the angles 
between the zocecia and the mesopores. Both mesopores 
and acanthopores probably contained modified zooids (poly- 
zoan individuals), and are therefore comparable with the 
vibraoula and avicularia of other groups. The zoceoial aper¬ 
tures are round, polygonal or irregular, and usually without 
opercula. The surface of the zoarium is typically marked 
hy regularly spaced elevations {nvmticules) consisting of 
enlarged zooecia, or of large clusters of mesopores, some¬ 
times forming slightly depressed areas, constituting macula. 

The Trepostomata are known to have been subject to 
periodic degeneration and regeneration of the polypides, in 
the same way that recent forms are. In fact the diaphragms 
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in a. single looBoium probatly represent the ‘floors’ of suc¬ 
cessively superimposed individuals. 

The Trepostomata are probably confined to the Palseozoic, 
although the living Heteroporid® have an essentially similar 
structure. 

It should be noted that many of the diagnostic features 
of Trepostome genera only appear in the mature ot peri¬ 
pheral zone of the zoarium. 

Diptotrypa. Zoarium hemispherical, discoidal or irregularly 
nuMsive, generally free. Zooecia large, prismatic, wiUi thin 
walls, and with diaphragms. Meeopores few or many, variable 
in size, with closely spaced diaphragms. Ordovician and 
Siluriem. Ex. D. petropolUana, Ordovician. 

Stenopora. Zoarium branching, massive or laminar. Walls 
of zooeoia usually periodically thickened, giving a beaded 
appearance in longitudinal sections. Acanthoporee present. 
True meeopores apparently absent, but zooeoia smaller than 
the average are occasionally present. Diaphragms complete, 
few or many. Carboniferous (Permian?). Ex. S. redesefo^rme, 
Carboniferous. 

SUB-ORDER 4. CBYPTOSTOMATA 

The zocecia are calcareous and tubular, often with transverse 
partitions, and often of two sizes. Avicularia and vibracula 
are absent. The external orifices of the zooecia are round, 
but these are not the true apertures; the latter are situated 
at- the bottom of a tubular vestibule, the round orifice of 
which is seen on the surface of the zoarium. Probably a 
chitinous operculum covered the true aperture, but is never 
found in the fossils. Ooecia are absent. The Cryptostomata 
range from the Ordovician to the Permian. 

Fenestrellina {^FenuUUa). Zoarium funnel-shaped or fan¬ 
shaped. Branches straight, united by cross-bars, so as to form 
a network. The cross-bars do not bear zocecia. On each branch 
there is a median ridge or carina, on the sides of which the 
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sooBcia oooiir. Opening's of zooecia round. Ordovician to Per* 
xnian. Ex. F. plebeio, Carboniferous. 

Rhabdomeson. Zoarium of oylindrioal branches with an 
tube to whioh the proximal ends of the are 

attached; the siirface is divided into rhomlMO areas, arranged 
r^pilarly, in the middle of which are the round orifices. Ceo** 
boniferous and Permian. Ex. R. rhombiferum. 


8UB*ORDKR 5. CHBIL03T0MATA 

The zooecia are sometimes calcareous, sometimes homy, 
often both; they are more or less box-shaped, never tubular; 
and not divided by transverse partitions. Zooecia, differing 
from the normal forms in size and shape, and modified for 
protective purposes, are often present, and are called avi- 
cularia and vibracula—according to whether their function 
is to pinch or to sweep away foreign bodies which would 
settle on the zoarium. The apertures of the zooecia are con¬ 
tracted and not terminal, of varying outline, and provided 
with a movable operculum, which being horny is not found 
in fossil specimens. Globular ovioells are often present; these 
are not modified individuals, but outgrowths in front of the 
distal end of each zooecium. The Cheilostomata range from 
the Jurassic to the present day, but are rare in deposits 
earlier than the Chalk. 

Membranlpora. Zoarium enoriuting or erect; the top of 
each zooecium is covered with a ohitinous membrane in whioh 
is situated the aperture; consequently in fossil specimens each 
zooecium has a rim enclosing an unroofed space; the rim may 
have spinee around it. Jurassic to present day. Ex. Af. elliplica, 
Chalk. 

Crlbrillna. Zoarium usually encrusting. Zooecia as in 
Membranipora, but the spines of the rim meet and fuse with 
their neighbouring and with their opposite fellows, and form 
an incomplete roof over the zooecium. Tertiary and present 
day. Ex. C. punctata. Coralline Crag to Recent. 
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Pelmatopora. Like Cn&rt'Kna, but the ooet«e» or spineo 
that form the front wall, are very ooarse, and their broken 
upturned ends form a row or rows of hob>nail-like markings 
on each side of tbe mid>line of the front wall. Upper Cretaceous. 
Ex. P. 90ieari», Chalk. 

Micropora. Zoariiim encrusting. Zocecia with an encircling 
rim as in Membraniporat but the ohitinous roof is replaced by 
one of carbonate of lime; and this roof is perforated by two 
holes, one on each side, near tbe rim and proximally to the 
orifice. Cretaceous to present day. Ex. M. cribriformU, Barton 
Beds. 

Cellepora. Zooeda heaped irregularly upon an irregularly 
encrusting or erect zoarium; the front wall entirely calcareoxu 
and very convex; the aperture terminal, more or lees roimd, 
always accompanied by one or more small avioularia; in addi¬ 
tion larger avioularia are often present between the normal 
soceoia. Tertiary to present day. Ex. 0. tvbigera. Coralline Crag. 


Distribution of the Polyzoa 

By far the larger number of the Polyzoa are marine; they 
occur both in shallow and deep water. The deep-water forms 
belong mainly to the Cheilostomata; a few Ctenostomata 
occur at considerable depths, but the group is characteristic 
of shallow water. The Oyclostomata are comparatively rare 
at the present day, exoept in the Northern seas. The extinct 
Trepostomata and Cryptostomata are usually associated 
with reef conditions. 

The earliest Polyzoa occur in the Ordovician rooks. Nearly 
all the Paheozoio genera are extinct; they belong mainly to 
the Trepostomata and Cryptostomata. The C^cloetomataare 
represented by a few genera in the Pal^zoic rooks, and 
become increasingly abundant in the Mesozoic, attaining 
their maximum in the Upper Cretaceous. A few Cheilo¬ 
stomata have been recorded from the Jurassic rocks, but 
the group does not become abundant until the Cretaceous 
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period; in the Tertiary it is better represented than the 
Cyclostomata. Very many of the Pliocene forms belong to 
species which are still living. 

The chief genera found in the different systems are: 

Pahsozoic. Ari^ifn«d^,Cerainopora,IXplotrypa,F%nMtr^ina 
{•Fene^UUa), FiHulipora, HaUopora, Eemiitypa, Pinnate^ 
pora, Polypora, PUlodictya, Rhabdomuon, Thamniactu. 

Jurassic. Berenicea,Oeriop^,Dia9topora,Sntal<>phora, Rap- 
locada, Idmcmea, Proboacina, Spiropora, StemaUpora. 

Cretaceous. Oriaina, Diaat^ra, Bntaloph^, Heteropora, 
LunulUea, Membranipara, OnychooeUa, Pelmatopara, Proboaoina, 
Stomatopora. 

Eooene. Hamara, Idmonaa, Membranipora. 

Pliocene. AU>eoktria, Cellapom, Cribrilina, Homera, Lapralia, 
Mambranipora, Theanoa. 


PHYLUM MOLLUSCA 


Clouet 


Ordert 


1. LameliibraDohja 



Tsxodonta 
Aniaomyaria 
Eulamalli branohia 


8vb‘0ri«rt 


2. Amphineun ... 


3. Oaateropoda ... 


4. Scaphopoda 


5. Cephalopoda... 


fl. Polyplaoophora 
^2. Aplacophora 

... {>; 

2. Opirthobr.nchi«ta ... 

3. Pulmonata 


1. NautUoidea 

2. Ammonoidea 

3. Dibranchia ... 


fl. Decapoda 
\2. Octopoda 


The majority of the moliuBcs (oyst«‘r8, whelks, cuttlefish, 
etc.) are marine, but some live on land, others in fresh water. 
Unlike the worms and arthropods, they are unsegmented 
animals, and they bear no serially repeated appendages. 
Typically the body is bilaterally symmetrica], and there is 
consequently a repetition of the same organs on each side; 
but in most gasteropoda this symmetry is more or less com¬ 
pletely lost. From the dorsal surface arises a fold of the 
skin forming what is known as the manile-, this generally 
secretes a calcareous shell, consisting of one or two (occa¬ 
sionally more) pieces. On the ventral surface of the body 
is the foot —a muscular organ used in locomotion. In most 
cases respiration takes place by means of gills, which are 
placed in the cavity enclosed by the mantle. A heart is 
present, and is on the dorsal surface; it consists usually 
of a ventricle and two auricles. The mouth is situated 



LAMBLLIBBANCHIA 


235 

anteriorly, and, except in the lamellibranchs, is provided 
with a rasping organ, the odon^hort-, the anus, in tjrpical 
forms, is placed posteriorly. Renal organs (nephridia) are 
present and place part of the body*cavity in communication 
with the exterior. The nervous system consists of a ring 
round the oesophagus, and usually of three main groups of 
ganglia, from which nerves are given off. Only sexual 
reproduction occurs; most forms are unisexual, a few her¬ 
maphrodite. 

The MoUusca are divided into five classes: (1) Lamelli- 
branchia, (2) Amphineura, (3) Gasteropoda, (4) Scaphopoda, 
(5) Cephalopoda. 

CLASS I. LAMELLIBRANCHIA 

In the lamellibranch, as in the brachiopod, the shell is 
generally calcareous and consists of two valves, but these 
instead of being dorsal and ventral as in the latter, are 
placed one on the right, the other on the left aide of the 
body, and the two are joined together by means of a binge 
and a ligament at the dorsal margin. The interior of the 
shell is lined by a fold of the skin, the manth (fig. 122, m), 
which is divided into two lobes, one being placed in each 
valve. In the middle of the space enclosed by the mantle 
(the mantle-cavity) and projecting from the ventral surface 
of the visceral mass, is the foot (/). This is a laterally 
flattened musculsur organ, frequently hatchet-^ or plough¬ 
share-shaped, and is used for crawling, or for burrowing in 
sand or mud. Sometimes, as in the case of Trigonia, by 
means of a rapid movement it enables the animal to jump 
to a considerable distance. In the genus MytiluB the foot is 
very much reduced; in others which have lost the power 

^ Hence the nsnte PeUeypoda u»ed by some suthors for thi« ciese. 
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of locomotion {t.g. Ostrta) it is absent altogether. On the 
posterior part of the foot there is in some genera {t.g. Mytilus, 
Pinna, Area) a gland which secretes threads of a viscous 
substance which gradually harden, and then form a bundle 
of horny fibres, known as the byiSMS, by means of which 
the animal moors itself to foreign objects. On each side of 
the foot, between it and the mantle, and attached to the 
body dorsally, are the gills or branchise (fig. 122, g)\ these 
consist of filaments which usually become connected so as 
to form leaf* or plate-Uke bodies, whence the name Lameili- 
branchia. 

In some forms the margins of the two mantle-lobes 
although in contact are not united, and when this is the 
case there are usually at the posterior margin two openings 
leading from the exterior to the mantle-cavity; these are 
produced by adjoining excavations or notches in the two 
lobes of the mantle. A current of water, caused by the 
cilia on the gills and mantle, flows in through the ventral 
opening, and provides the animal with food and oxygen; 
another current flows out through the dorsal opening, 
carrying with it feecal matters. In many cases, however, the 
two lobes of the mantle are fused at one or more points; 
this union occurs between the exhalent and inhalent open¬ 
ings, and also, in many forms, below the latter opening. 
In this way the mantle becomes a kind of bag, having three 
openings, a ventral for the protrusion of the foot, and two 
posterior for the inhalent and exhalent currents of water. 
Frequently, at the posterior openings, the mantle is greatly 
produced so as to form two complete tubes, known as 
aiphoM (6g. 122, 8 , s'); these are sometimes free, sometimes 
united, and may be as much as four times the length of the 
shell. The ventral is generally the longer; it is furnished 
with tactile papilhs, and is known as the branchial siphon (s), 


^g. 122. Mya arenaria. Th« left ralve *nd mantle mkI half the siphons 
have been removed, a, anterior adductor muscle; o', posterior adductor; 
b, visceral mass; c, cloacsd chamber into which the anus opens; /, foot; 
g, branchin; A, heart; cut edge of the mantle; o, mouth; p, edge of 
mantle; s, branchial siphon; s', anal siphon: I. labial palps; r, anus. 
(Prom Woodward.) Natural sise. 
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the dorsal being the anai siphon (s'). In many forms the 
siphons can be withdrawn into the shell by means of 
muscles. Occasionally, as in Tertdo, the siphons are sur¬ 
rounded by a calcareons tube. 

The shell can be closed by means of the adductor muscles 
(a, a'), which pass from the interior of one valve to the 
other. In many genera there are two adductors, and these 
forms are frequently spoken of as the Dtmparia; others, 
known as the M<momtfaria, possess one adductor only, 
and when this is the case it is the posterior which is present, 
the anterior having atrophied; this occurs in the oyster, 
but in this, and in all other forms so far as is known, the 
anterior muscle is present in the young state. 

In the lamellibranohs there is no head, hence the class is 
sometimes spoken of as the Ac^hala. The mouth (o) is in 
the middle line of the body, ventral to the anterior adductor 
muscle, and is not provided with organs of mastication. At 
each side are two leaf-like processes, the Jahial palps («). 
The mouth leads into a short cesophagus, which passes into 
a globular stomach; next is the intestine, which, after under¬ 
going many convolutions in the foot, reaches the dorsal 
surface of the body, where it passes through the pericardium 
and is surrounded by the ventricle of the heart. The anus (») 
is situated dorsally to the posterior adductor muscle. The 
nervous system usually consists of three pairs of ganglia. 
One pair is placed at the sides of the mouth and is connected 
by nerve-cords with a pair in the foot, and with a third 
pair placed beneath the posterior adductor muscle. From 
these ganglia nerves are given off to the muscles, gills, etc. 
Tactile organs ore present on the margin of the mantle and 
especially on the ventral siphon. In some forms eyes occur 
at the ventral margin of the mantle-lobes; they are especially 
well-developed in the genus Pecten. The heart (^) is placed 
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dorsaDy, just below the hinge, and is surrounded by a large 
pericardial cavity; it consists of two auricles and a ventricle, 
which, as already mentioned, extends round the intestine. 
The renal organs consist of a pair of glandular tubes under¬ 
neath the pericardium. In almost all cases the sexes are 
separate, but a few forms are hermaphrodite. 

As already mentioned, the two valves of the shell are 
on the sides of the animal. The margin near the hinge 



Fig. 123. Merttrix {MaerocaUitla) ehione. Recent. A. Dorsal view of tlie 
two valves. B. Interior of left valve, a. anterior border; p, posterior; 
d, dorsal: v, ventral; {«, lunule;«, umbo:l, ligament; oa. anterior adductor 
impression: pa, posterior adductor: pi, ^lial line; s, pallial sinus; 
te, X, jf, oatdinsl teeth; s, anterior latei^ tooth. 

(fig. 123 B, d — 1) is dorsal, the opposite (v), where the valves 
open, is ventral; that near the mouth is anterior (a), that 
near the anus and siphons posterior (p). In the majority 
of cases the two valves are equal or almost equal in size, 
and each valve is generally inequilateral. But in some 
{e.g. Qlycimeria) the shell is nearly equilateral, and in others 
[i.g. Oatrea) it is inequivalve. When the shell is equilateral 
the direction of greatest growth is perpendicular to the 
hinge-line: when inequilateral the direction is oblique to the 
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hingc-Iine. Each valve may be regarded as a greatly de¬ 
pressed hoUow cone, the apex of which forms the «»nho 
(fig. 123 A, u); these umbones are sometimes straight {t.g. 
Pecten) but generally curved towards the anterior margin; 
in a few genera {t.g, NvaUa, Trigonia, Exogyra) they are 
directed posteriorly; in Dicerat they are spiral. Sometimes 
there is in front of the umbones, and bounded by a groove, 
an oval depressed area (Z«). half being on each valve; this 
is termed the lunuie. Behind the umbones there may be a 
somewhat similar, but larger area, known as the escuicht^m. 

In the interior of the valves various markings, produced 
by the union of the muscles with the shell, may be noticed 
(fig. 123 B). The adductors form oval, round, or sometimes 
elongated depressions (the aMwtor impressions, oa, pa)\ 
in the Dimyaria there are two in each valve, one being near 
the anterior border, the other near the posterior; in the 
Monomyaria the single adductor impression is usually near 
the middle of the valve. When, as in the genus Mya, the 
two muscles are placed at equal distances from the hinge- 
margin, they are of nearly the same size, since on account 
of their position they are equally efficient in closing the 
valves; but in forms like Mytilus, where the shell is very 
inequilateral and the anterior muscle is close to the umbo 
but the posterior at a considerable distance from it, the 
latter is much larger than the former, since it is placed in a 
more advantageous position for closing the valves. For the 
same reason the single muscle of the Monomyaria is attached 
near the centre of the valves. 1^ important than the 
adductor impressions are those produced by the muscles 
for the movement of the foot (protractors and retractors), 
these occur close to the anterior and posterior adductors. 
Passing from one adductor impression to the other in each 
valve is a linear depression, caused by the attachment of 




LAMELLIBRANCKIA 


241 


the muscles of the mantle to the shell, and known as the 
paUial line {pi). In some forms this line runs evenly between 
the two adductor impressions and parallel with the margin 
of the valve; it is then said to be simple or entire. But in 
those genera which possess retractile siphons tha pallial line 
bends inward just before reaching the posterior adductor; 
this indentation is known as the paUial sinus (s), and is 
caused by bending inwards of the part of the pallial muscles 
which serve for the retraction of the siphons. 

The hinge is formed by projections known as teeth, which 
alternate in the two valves, the teeth of one valve fitting 
into the depressions between those of the other. Its func¬ 
tion is to ensure that the valves should close perfectly. 
The margin of the valve on which the teeth occur is known 
as the hinge-line; generally it is curved, but in some genera 
it is straight (e.g. Area). Several types of hinge may bo 
recognised: (1) Taxodont: the teeth are numerous and more 
or less similar in form and size, e.g. Nucvla (fig. 124 A). 
(2) Dysodont: tbe teeth are of a simple type, and are de¬ 
veloped from internal ribs at the margin of the valve; the 
hinge-margin may be simple or somewhat thickened, e.g. 
Mytilus. The dysodont hinge appears to have been derived 
from a taxodont form in which the teeth radiate outwards 
from the umbo. (3) Isodoni: there are strong teeth of equal 
size, which fit into oorresponding sockets in the other valve; 
the teeth are placed symmetrically on each side of the 
median ligament-pit, e.g. Spondylus (fig. 124 D, E). (4) 
Schizodont: the teeth are few in number, thick, and some¬ 
times grooved; a typical form is Trigonia (fig. 124 B, C) in 
which the teeth diverge from below the umbo, and the 
middle tooth of the left valve is bifid. In others {e.g. Vnia) 
the teeth are less definite in shape and position. (5) Hetero- 
dont: the teeth are few in number and not all of uniform 



MOLLUSCA 


242 

shape and size. They are divisible into those (usually two 
or three) which are placed immediately under the umbo and 
are known as the cardinal teeth, and others, termed laterals, 



Fig. 124. 8<»me typea of hinge. A. Nueula, a, anterior adductor; b, poa- 
lerior adductor; U ligamoot-pit. B, C. Trigenia. B, right valvo with two 
l^e striated teeth; C. left valve with tliree teeth. D, E. Spondylus. 
D, right valve: E, left valve, a, b. teeth; c, i, aookete into which the 
teeth fit; e, area; I, ligament*pit. F. Ltidna (right valve), a, anterior 
lateral tooth; b, cardinal tooth; c, posterior lateral tooth; I, ligament. 
Q. Luiroria (left valve), a, strong V-ahaped cardinal tooth; I, process 
to which the ligament is attached. All drawn from recent spedmeiw. 


which are in front of and behind the umbo, forming the 
anterior and posktior laterals respectively; some or all of 
the cardinals or of the laterals may be absent; the hinge- 
mai^n is extended as a vertical lamina or flange known as 
the kinge-plaie (fig. 124 F) on which the teeth are borne, 
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t,g. Meretrix. (6) Desmodont: true teeth and a hinge-plate 
are absent, but one or more lamina or ridges are developed 
at the hinge-margin, e.g. Pleuromya. 

In eome genera in which the hinge-line is straight {^.g. 
Area) there is, between the hinge-line and the umbo of 
each valve, a flattened triangular part of the shell, known 
as the area (fig. 124 D, e); when this is present the umbones 
of the two valves are of course widely separated. The area 
is due to the more extensive growth at the hinge-margin 
than occurs in genera in which the umbones are close 
together. The lunule and escutcheon (p. 240) appear to re¬ 
present the anterior and posterior parts of the area. Some 
lamellibranchs with a straight hinge-line (t.g. PeeUn) have, 
on each side of the umbo, triangular or wing-like extensions 
of the shell, known as ears. 

In the brachiopods the valves are opened by divaricator 
muscles, but in the lamellibranoha the work of these muscles 
is performed by the ligament. This consists of two parts, 
the external (fig. 123,1)> internal (sometimes erro¬ 

neously termed the cartilage) (fig. 124 G, 1). One or other 
may be absent. The exUmal ligament is composed of homy 
material; it is placed at the hinge-margin, usually posterior 
to the umbones, and is frequently attached to more or less 
pronxinent ridges; in some genera {Olycimeria) the external 
ligament extends both in front of and behind the umbones. 
The internal ligament consists of parallel elastic fibres, and 
is placed in a hollow or pit on the hinge-plate (fig. 124 G, 1), 
so that when the valves are closed it is compressed, and, 
being elastic, tends to force the valves apart—its action is 
similar to that of a piece of indiarubber placed in the hinge¬ 
line of a door. The external ligament acts like a C-spring, 
and is bent when the valves are closed. Consequently, in 
order to open the shell, the animal has merely to relax its 

zfr-a 
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adductor muscles. Occasionally the ligament is preserved 
in fossil specimens. 

The of a lamellibranch shell is measured from the 
anterior to the posterior margin (fig. 123 B, a—^>), the 
brtadtk or height from the umbo to the ventral margin 
the thickneas from one valve to the other at right 
angles to the lines of length and breadth. 



Fig 125. Vertical MCtion of th« ebell of ft leoeut Vnie, out in ft radial 
di^on from the umbo; the right-hand tide of the eection ie near the 
▼eatral margin, o, pearly or nacreous layer, in which the later lamelln 
overlap the earlier and extend on to (6) the prismatic layer; c, perio- 
■tracum. xlO. 

The shell is secreted by the mantle; its structure varies 
in different groups. Three layers may be distinguished. 
(1) On the external surface (fig. 126, c) is a green or brownish 
layer formed of homy material (oonohiolin) and known as 
the perioatraeum (firequently referred to as the ‘epidermis*). 
This layer is not usually preserved in fossils; (2) in the 
middle is the priamatic layer (6) (fig. 126), consisting of 
prisms, usually of calcite, each being encased in a sheath 
of organic material. The prisms are often arranged more or 
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le>88 perpendicularly to the surface of the shell; (3) the inner 
layer (a) consists of aragonite and may be formed of very 
thin lamellfe separated by thin layers of organic material 
when it is pearly or nacremu, or it 
may be formed of thicker lamellse 
when it becomes porceUanous. The 
chief genera in which this layer is 
nacreous are Nuctda, Pieria, Pema, 

Trigonia, Unio. The prismatic layer 
isformed bythe margin of the mantle 
only; the pearly layer by the general 
surface of the mantle, and this layer 
gradually encroachee on the former, 
which consequently cannot after* 
wards increase in thickness, whereas 
the pearly layer may do so through* 
out the life of the animal. 

The surface of the shell may be smooth, or may be oma* 
mented with radiating or concentric ribs and strhe, or with 
tubercles, or spines. Often the exterior shows oonoentric 
lamellse, which represent periods of growth. The part of the 
shell at the umbo is that which was first formed, and often 
differs in ornamentation and form from the other parts. 
The margins of the valves may be smooth or crenulated; 
sometimes, as in some species of Pecten, the entire shell is 
corrugated, thus increasing its strength without materially 
adding to the weight. In many genera the two valves can 
be completely closed, in others they are always open at 
some part, and are then said to be gaping ; this gape occurs 
most frequently at the posterior end and serves for the 
passage of the siphons; sometimes there is also an anterior 
gape through which the foot or b 3 r 88 us passes to the exterior. 
Sometimes the small embryonic shell, known as the prodisso* 



Fig. 126. Section of pru* 
mstio layer of recent Pinna, 
parallel to the Burfaoa of the 
•hell and at right angles to 
the priania. lifignified. 
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etmeh, is found at the umbo of the adult shell; this repreaente 
the piotegulum of the Brachiopods (p. 199) and the proto- 
oon(^ of the Gasteropods and Cephalopoda. 

In order to be able to distinguish the right and left valvee 
we must determine first the anterior and posterior margins. 
When the soft parte of the animal are present this is easily 
done; but when the shell only is before the observer the 
points to be noticed are the following: 

(1) The umbones are generally directed anteriorly; and in 
inequilateral shells, the posterior part of the valves is, 
with only a few exceptions (Nucula, Lima, Donax), 
longer than the anterior part. 

(2) The lunule is anterior to the umbones. 

(3) The external ligament is oommonly posterior to the 
umbones, and is never entirely in front of them. 

(4) The pallial sinus is posterior. 

(6) When one adductor impression only is present, it is the 
posterior. 

(6) When one adductor impression is distinctly larger than 
the other, the larger is the posterior. 

Having found the anterior and posterior margins, the shell 
should be placed with the dorsal surface uppermost and 
the anterior margin pointing away from the observer, then 
the right and left valves will be on his right- and left-hand 
sides respectively. 

Most of the lamellibranohs are free and can move by 
means of the foot. Since these live with the median plane 
of the body in a vertical position, the two valves are of equal 
size. A few genera {PtcUn, Lima) move by the rapid closing 
of the valves, which causes water to be forcibly expelled 
from the mantle-cavity. Some forms (Pecten) rest on one 
valve, which then becomes more convex than the upper 
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valve. Otheie, such as the oyster, are permanently at¬ 
tached by one valve, which has been secreted by the 
mantle directly on to a rock or some other object to 
which it adheres firmly. In some cases the right valve is 
fixed, in others the left. The shell in these forms becomes 
irregular and the fixed valve is larger, more convex and 
thicker than the free valve. Other genera, t.g. Pteria, are 
attached by means of a byssus (p. 236), which often passes 
out through a notch or sinus in the margin of one or both 
valves—such forms tend to become inequilateral. Many 
genera burrow in the sediment on the sea floor and live 
with the posterior end uppermost. The valves are elongated 
posteriorly, so that the shell becomes distinctly inequilateral, 
and the line joining the two adductor muscles U parallel 
with the dorsal margin of the valves. Since these lamelli- 
branchs are sufficiently protected in their burrows there is 
no necessity for the complete closing of the valves, and there 
is a gape at the posterior end for the siphons and often 
another anteriorly for the foot. As frequent opening and 
closing of the valves is not needed the hinge tends to become 
degenerate. In order to facilitate movement through the 
sediment these burrowing forms often have laterally com¬ 
pressed valves with a smooth surface. A few genera are 
capable of making borings into various substances; in these 
the shell tends to become cylindrical in form. Thus Teredo, 
the ship-worm, bores into wood, lAthophaga and Saxicc^ 
into limestone, and Pholas into various materials, such as 
sandstone, limestone, gneiss, peat, and amber. Wood per¬ 
forated by Teredo has been found fossil in various formations 
of Eooene and Oligocene age. 

The features which more especially characterise the 
lamellibranchs as a class are: the absence of a head and of 
organs of mastication, the bilateral symmetey, the division 
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of the mantle into two lobes, the bivalve shell and the 
lamellar gills. Although at first sight tlie shell appears to 
resemble closely that of the brachiopods, it differs in several 
important respects: (1) the valves are right and left, instead 
of dorsal and ventral, (2) they are generally inequilateral 
and equivalve, (3) teeth occur on both valves, (4) a ligament 
is present, (6) the umbones are never perforated for a 
peduncle, (6) the microscopic structure of the shell is 
different. 

The classification adopted here is based primarily on the 
character of the hinge, but with other features taken into 
account. The three main divisions are: (1) Taxodonta, 
(2) Anisomyaria, (3) Eulamellibranchia. 

ORDER I. TAXODONTA 

Hinge taxodont. Two nearly equal adductor muscles. 
Siphons usually wanting. Lower Ordovician to present day. 

Nucula* (fig. 124 A). Shell equivalve, trigonal or oval, 
closed, posterior side very short; umbones directed poeteriorly. 
Surface smooth or with fine radial lines. Interior nacreous. 
Margins of valves smooth or crenulated. Hinge-line angular, 
with a medifin interned triangular ligament-pit, and numerous 
sharp teeth. Adductor impressions nearly equal. Pallial line 
simple. The character of the hinge, the simple type of gill 
structure and other anatomical features indicate that NxicuJa 
is one of the most archaic of living lamellibranchs. Silurian to 
preeent day. Ex. N. hammeri, Lias; N. dixoni, Brackleeham Beds. 

Nuculana (•Xeda). Similar to Nucula, Poateriorly the 
shell is produced and pointed, and provided with a ridge or 
Carina. Pallial line with a small sinxis. Margins smooth. 
Escutcheon lanceolate. Silurian to preeent day. Ex. N. la- 
chryma, Inferior Oolite to Combrash; N. caudata. Pliocene to 
preeent day. 

' All the genera of MoUuecs described are marine unless otherwise 
stated. 
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Ctenodoxita. Shall oval or elongated, nearly equilateral, 
smooth or with oonoentric striss. Ligament external. No area. 
Hinge curved or angular, with numerous small teeth. No 
internal ligament-pit. Pallial line simple. Cambrian to Car¬ 
boniferous. Ex. C. pwluncuioideai Ordovician. 

Area. Shell equivalve, sub-quadrangular, ventricose, with 
a Carina from the umbo to the poetero-ventral angle. Surface 
with radiating ribe and concentric strue: margins smooth or 
dentate; gaping ventrally. Hinge straight, with numerous, 
small, similar, transverse teeth. Umbones prominent, separated 
by the large areas, which have numerous ligamental grooves 
converging from the hinge-margins to below the umbones. 
Adductor impressions sub-equal, the anterior rounded, the 
posterior divided. Pallial line simple. Jurassic to present day. 
Ex. A. hietnguia. Eocene; A. nets, Miocene to present day. 
Sub-genus Barhatia, with very narrow area, and the end teeth 
oblique. Jurassic to present day. Ex. B. barbeUa, Miocene to 
Recent. Anadara, with thicker shell, regular radial ribs, closed 
valves, le^ inequilateral than Area. Miocene to present day. 
Ex. A. diluvii, Miocene. 

Gucullsea. Shell similar to Area; ventricose, sub-equilateral, 
valves closed. Hinge with short central transverse teeth, and 
two to five lateral teeth nearly parallel to the hinge-margin. 
Posterior adductor fixed to a thin raised plate. Jurassic to 
present day. Widespread in the Mesozoic. Living in the Indian 
Ocean and China Sea. Ex. C. fibroM, Upper Greensand; 
C. cr<u»atina. Eocene. 

GlyclmeHs {<^PectunctUtis). Shell thick, solid,sub-orbicular, 
equivalve, almost equilateral. Siirfaee smooth or radially 
striated. Ligament external, on the area. Umbones central, 
slightly curved posteriorly; a small triangular area provi¬ 
ded with diverging grooves for the ligament. Hinge arched or 
semicircular, with a row of numerous, small, strong, trans¬ 
verse teeth, obliterated at the centre in the older forms by the 
growth of the area; towards the ends the teeth tend to become 
horizontal. Margins crenulate inside; adductor impressions sub¬ 
equal—the anterior sub-triangular, the posterior oval or 
rounded. Pallial line with a very small sinus. Cretaoeous to 
present day. Ex. O. glycimeris. Pliocene to present day. 
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ORDER n. ANI80MYARIA 

Usually inequivalye. Anterior adductor small or absent. 
Hinge dysodont or iaodont, or without teeth. Fixed by a 
byssus or by cementation. Often with ears and a b}r88al 
notch. No siphons. Pallial line entire. 

1. MYTILAOEA 

Hquivalve, very inequilateral, obliquely elongated. Umbo 
at or near the anterior end; no ears, no byssal notch but 
an anterior gape for the byssus. Hinge dysodont or without 
teeth. Ligament long, nearly always external, behind the 
umbones. No area. Anterior adductor small. Interior 
nacreous or porcellanous. Ordovician to present day. 

MytUus. Shell thin, eqmvalve, very inequilateral, elongated, 
sub-triangular, posterior border rounded; with a small gape 
for the well-developed byssus. Umbones sharp, terminal, 
anterior. A few small teeth near the umbo, sometimes absent. 
Ligament linear, marginal, sub-internal. Anterior adductor 
impiession small, placed near the umbo; posterior larf^; pallial 
line simple. Trias to present day. Ex. M. tdulia. Pliocene to 
present day. 

Modlola (-A/odiolta). Shell similar to Mytilxu, but oblong, 
inflated in front. Umbones obtuse, anterior, but not terminal. 
No teeth. Devonian to present day. Ex. M. modiola. Recent; 
M. imbricatat Inferior Oolite. 

Llthopbaga {^LUhodemut). Shell similar to Modiola; sub- 
oylindrioal, rounded in front, wedge-like behind. Lithophaga 
bores into limestone, etc. Carboniferous to present day. Ex. 
L. inclttoa. Inferior Oolite to Corallian; L. lithopluiga. Recent 

Modiolopsis. Shell thin, smooth, elongate-oval, very inequi¬ 
lateral, anterior part small, posterior part enlarged. Umbones 
nearly terminal, close together; a depression crosses the valves 
obliquely from tbs umbo. No teeth. Anterior adduotw im¬ 
pression deep; posterior adductor large, family meirked. Ordo- 
vlolan to Permian. Ex. M. complanata, Silurian. 
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Myoconcha. Similar tiO Jtfodio/opM, but usually with a long 
cardinal and a long slander posterior lateral tooth in the right 
valve. Carboniferom to Chalk. Ex. 3f. crorea. Inferior Oolite; 
M. crttacea, Chalk. 

S. PTEBIACEA 

Often inequivalve and with ears. Inequilateral. Anterior 
adductor small or absent. Usually fixed by a byssus; fre¬ 
quently with a byssal notch below the right anterior ear. 
Hinge-line straight; often with an area. Hinge dysodont 
or without teeth. Interior nacreous. Ordovician to present 
day. 

Pinna. Shell generally thin, outer layer with coarse pris- 
matio structure (fig. 126), inner layer nacreous; equivalve, 
inequilateral, triangular, without ears. Umbonee sharp, an¬ 
terior, terminal. Valves truncated and gaping posteriorly. 
Hinge-line straight, long. No teeth. Ligament long, narrow, 
lodged in a groove. Posterior adductor large, sub-central; 
anterior adductor close to the umbo. Carboniferous to present 
day. Ex. P. hartmanni, Lias; P. affinis, London Clay. 

Gervlllla (fig. 127). SheU obliquely elongated, very inequi¬ 
lateral, slightly inequivalve, the left valve a little more convSx 
than the right; umbones almost terminal. Hinge straight, with 
an area on which are numerous perpendicular, widely-separated 
ligament-pits; with two or more oblique ridge-like teeth. Ears 
indistinctly limited from the rest of the shell, the anterior very 
short, the posterior long. Posterior adductor impression large, 
sub-oentral. Trias to Eocene. Ex. O. fori>eticniay Qault; O. 
lanceolata. Lower Greensand. Sub-genus Hcemesia. Left valve 
convex. Right valve more or less flattened. One strong tooth 
under the umbo in each valve, and several small teeth on the 
posterior aide in the left valve. Trias. Ex. H. soetolts, Muschel- 
kalk. 

Inocemmua. Shell variable in form, circular, oval, or ob¬ 
long; inequilateral, inequivalve, ventricose or compressed, with 
ears indistinctly limited. Umbones prominent, rather anterior. 
No teeth. Surface with concentric (or rarely radiating) furrows. 
Hinge-line straight, usually long, with niimerous parallel, cloee- 
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set, traasveree ligament-pits. Adductor impression rarely visible. 
Inner layer of shell thin and nacreous; outer layer thick, formed 
of large prisms. Lias to Chalk; common in Upper Cretaceous. 
Ex. /. coneerUrictu, Gault; /. bnmffniarti, Chalk. 

Pemii ( laognomon). Shell nearly equivalve, inequilateral, 
compressed, sub-quadrate or sub-circular. Umbones at the 
anterior end. Hinge-line straight, without teeth; hinge-area 
broad, with numerous transverse, elongated ligament-pits 
placed close together and parallel with one another. Right 
valve with a bysasl sinus. Adductor impression large, sub- 



Fig. 137. Otrviiiia tvbUutctclaia, Lower Qreensaod. Left valve. Showing 
ligament-pits, taeib, and posterior adductor impression, x }. 


central, double; pallial line simple. Posterior ear often largo, 
not distinctly limited. Trias ,to present day. Ex. P. mytiZoidss, 
Upper Jitrassio; P. tphippium, Recent. 

Pteria (—Avtcufa). Shell oblique, inequilateral, inequivalve, 
left valve more convex than the right. Interior nacreous. Hinge 
long, straight, with one small tooth near the umbo in each 
valve and a long lamellar posterior tooth in tho right vcdve. 
Posterior ear wing-like and longer than the anterior. A byssal 
sinus under the right anterior ear. Area narrow. Ligament 
long, partly internal, partly external, in a groove. Posterior 
adductor impression large, sub-central. Trias to present day. 
Ex. P. media. Barton Beds; P. Atrundo, Recent. Sub-genera 
or closely allied genera, are Actinopteria, Leiopteria, Pteronites 
(all Upper Paleozoic), and Oxytotna (Mesozoic). 
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Pseudomonotls. Similar to Pteria, but the shell is oval, 
the left valve large and very convex, and the right valve 
flattened; the anterior ear small or rudimentary. Carboniferous 
to Cretaceous. Ex. P. echinata^ Combrash. 

Aucella {•"Buchia). Shell thin, obliquely elongate, inequi¬ 
lateral, inequivalve, with concentric folds or ribe. Left valve 
convex, with prominent incurved umbo; ears indistinctly 
limited. Right valve flattened, anterior ear triangular, with a 
deep bysaal sinus; posterior eetr indistinctly limited. Hinge¬ 
line straight, short, without teeth. Ligament external. Upper 
Jurassic and Lower Cretaceous. Ex. A. key»erling%, Speeton 
Series. AwtUina is closely allied to AxhceOa, Cault and Lower 
Chalk; Ex. A. gryphodoidM. 

Pterinea. Form similar to Pteria-, left valve flattened. 
Hinge with small transverse anterior teeth, and laminar pos¬ 
terior teeth. Area large, with longitudinal grooves for the 
ligament. No ligament pit. Posterioradduotor impression large, 
shallow; anterior impression small, deep, below the anterior 
ear. Ordovician to Carboniferous; common in Devonian. Ex. 
P. Umns, Devonian. 

Posldonla {’•Poeidorwmya). Shell thin, oblique, oval, equi- 
valve, compressed, with concentric ftirrows. Umbones small, 
sub-central. Hinge-line straight, short, without teeth; posterior 
ear compressed, indistinctly limited. Silurian to Jurassic. Ex. 
P. btcKeri, Carboniferous. 

Vulsella. Sub-equivaLve, irregular, vertically elongated, 
gaping in front and behind. Without teeth, ears and byssus. 
An area on each valve, with a triangular Ugament pit. Umbones 
directed posteriorly. Posterior adductor only, sub-central. 
Interior nacreous. Eocene to present day. Ex. F. dsperdtto, 
Eooene; F. Uhgulata, Recent. 

Conocardium. Shell more or less trigonal, very inequi¬ 
lateral, with radiating ribs; posterior aide short, truncated, 
forming a cordate posterior end, produced into a long tube; 
anterior side oblique, compressed, wing-like, gaping. Umbones 
small, pointed, inoxirved. Hinge-line long, straight. Ligament 
partly external, partly internal, attached to a plate behind the 
umbones. Anterior adductor impression large, deep; posterior 
impression shallow. Inner margins of valvee toothed. The trun¬ 
cated end bearing the tube is regarded by some authors as 
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aaterior* and the wing^like end as posterior. The affinities of 
this genus have not yet been determined. Ordovician to Car* 
boniferous. Ex. C. hibtmicumt 0. aUeforrMt Carboniferous 
limestone. 

My alln a-. Shell thick, trigonal, oblique, very ineqiulateral. 
with pointed umbones at the anterior extrei^ty. Anterior 
marginal part of valves sharply bent. Posterior part oompreseed, 
wing’like. Hinge-line straight, long; teeth absent. Hinge- 
margin broad with longitudinal striations. Anterior adductor 
near the ventral edge of the anterior end of the hinge-plate. 
Posterior adductor large, oval. Pallial line simple. Surface 
with growth-lines, often lamellar. Silurian to Permian; com¬ 
mon in Carboniferous. Ex. M. cemeuifi, (jarboniferous. 

8, PBCTINACBA 

Usually inequivalve and nearly equilateral, tending to be 
vertically elongated. Posterior adductor only. and 

usually a byssal notch present. A narrow external ligament, 
and a triangular internal ligament. Hinge isodont. Often 
with radial ribs. Interior not nacreous. Silurian to present 
day. 

Spondylus (fig. 124D,E). Shell irregular, with ears and 
straight hinge-line, attached by the right valve; surface with 
radiating ribs which are spiny .or foliaceous. Right valve larger 
and more convex than the left, with a triangular area. Liga¬ 
ment intemal, in a deep triangular pit; the strong teeth in 
each valve fit into corresponding sockets in the other valve; 
in the left valve one, and in the right valve two teeth on each 
side of the ligament pit Adductor impression large, sub- 
central. Jurassic to present day. Living in warm seas. Ex. 
S. apintmu. Chalk; S. rorispina, Braokleeham; 8. gcederopiu, 
Reoent. 

Pllcatula. Similar to Spondylus. Surface smooth, folded or 
scaly. Ears absent or indistinct. Area very small. Ligament 
intemaL Adductor impression excentric. Trias to present day. 
Living mainly in warm seas. Ex. P. spinosa, Lias; P. inflata, 
Chalk; P. cristata. Recent. 
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Pecten. Shell enb-circular, ovate or trigonal, closed, alroost 
equilateral, inequivalve or nearly equivalve. Surface frequently 
with radiating ribs or stria, sometimes smooth or with con¬ 
centric ridges. Hinge-line straight; with well-developed ears, 
with or witiiout a byssal sinus. A oentral, triangular pit for 
the internal ligament. Adductor impressions large, a little 
exoentrio. Carboniferous to present day. Pecten includes a 
very large number of species, which are grouped into sub- 
genera and sections, of which the more important are: ^gui- 
pecten (ex. Pecten aeper, Upper Greensand, P. opercuiaris, 
Pliocene); Amueium (ex. P. pleur<mecteef Recent); CampUmectes 
(ex. P. Um, Jxuassio); Chlamye, Hinnitee, Neithea (eee below); 
Syncydonema (ex. P. or6tcMiorte, Chalk). 

Chlamye: shell ovate or trigonal, nearly equivalve, siuitace 
with radial ribs. Ears large—the anterior larger than the 
posterior and with a deep sinus for the byssus on the right valve. 
Trias to present day. Ex. P. (C.) ielandicue. Pleistocene and 
Recent. 

Hinnitee: the young shell is like Chlamye; the adult is 
irregular like Oetrea, and is attached by the ri^t valve. Cre¬ 
taceous to present day. Ex. H. criepa. Pliocene. 

Pecten (zostrioted): nearly equilateral; right valve very con¬ 
vex, left flattened. Ears nearly equal. No byssal sinus. Three 
or four lamellar teeth on each side of the ligament pit. Creta¬ 
ceous to present day. Ex. P. maximue. Pliocene to preeent 
day. 

Neithea: similar to tlie last; with numerous small denticles 
on the hinge. Cretaceous. Ex. P. (Neithea) quadHcoetatue, 
Upper Oreonsand. 

Lima. Shell obliquely oval, anterior part larger than the 
posterior part, equivalve, compressed, with radiating stria or 
ribs. Valves usually gaping anteriorly and sometimes posteriorly. 
Umbones distent, sharp. Hinge-line straight without t^th, 
with unequal ears. On each valve a triangular area, with a 
central ligament-pit. Adductor impression large. Two small 
pedal impreesions. Trias to present day; maximum in the 
Mesozoic. Ex. L. lima, Recent; L. elongata. Chalk. Sub-genera 
Plagieetama (L. gigantea, lAeM'.L. oardiifarmie. Middle Jurassic); 
JUmatula (L. fittoni. Upper Greensand); lAmatidina and Palceo- 
lima. Carboniferous, are allied to Lima. 
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Aviculopecten. Shell ovate, slightly inequilateral; right 
valve less oonve" than the left. XJmbones distinot; hinge .line 
straight, long; ears distinctly limited, the posterior larger than 
the anterior and often wing-like; a byssal sinus beneath the 
anterior ear in the right valve. Hinge-margin with narrow; 
nearly parallel grooves. A mediui pit for the internal ligament. 
Adductor impression large, sub-central. Surface usually with 
radial ribs, and conoentrio lines, the ornamentation different 
on the two valves. Devonian to Permian. Ex. A. tabulate, 
Carboniferous. 

Pteiinopecten. Similar to Aviculopeoten; posterior ear not 
distinctly limited; both valves with the same kind of ornamenta¬ 
tion. Devonian and Carboniferous. Ex. P. papyrauua. Car- 
boniferotis. 

4. ANOMIAOEA 

Inequivalve. Posterior adductor only. No ears. Byssus 
passes out through a rounded opening in the right valve. 
Hinge short, without teeth. Ligament more or less intemai. 
Trias to present day. 

Anomla. Shell thin, irregiilar or sub-oircular, attached by 
a calcified byssus, which passes through a rounded sinus near 
the umbo of the right valve. Ligament short. Right valve 
flattened, with a OMitral adductor impression; left valve larger, 
convex, with three impressions of the byssal muscles and one 
of the adductor. Hinge short. Teeth absent. Jurassio to present 
day. Ex. A. ^Aippium, Pliocene to present day. 

0. OSTREACEA 

Fixed by the left valve, which is the larger. Posterior 
adductor only. Hinge-line short; no teeth. Intemai liga¬ 
ment in a triangular pit. Shell lamellar in structure, irregular 
in form. Trias to present day. 

Ostrea. Shell with lamellar structure, irregular, inequivalve, 
slightly inequilateral, fixed by the left (larger) valve. Left 
valve convex, often with radiating ribs or strics; umbo pro- 
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jninent, sometimee directed anteriorly, Bometiinee poateriorly. 
Bight valve flat or oonoave, often smooth. ligament^pit 
triangular or elongated. Hinge short, without teeth. Adductor 
impression sub*oentraI; palUal line indistinct. No foot. Trias 
to present day. Ex. 0. delta, Kimeridgian; 0. beUavacina, 
Eooene; O. edulie. Pliocene and Becent. 

Lopha (= Aleetryonia). Includes the forms of Oetrea in whioh 
both valves have coarse angular folds; edges of valves toothed. 
The forms included in Alectrj^ia are polyphyletic. Trias to 
present day. Ex. A. ^reptma, CTorallian; A. dii^uvtana (ss/rons), 
Chalk. 

Gryphsea. Shell similar to Ostrea, but fixed in the young 
stage only, free in the adult; left valve large and convex, with 
a prominent incurved umbo. Right valve flattened or concave, 
lias. Ex. O. arouaia (sstnoums), lias. (In later formations 
(?rj^AoBa>like forms have originated independently from more 
than one species of Oetrea .) 

Exogyra. Similar to Oetrea. Shell fixed by the left (larger) 
valve. Bight valve flat, resembling an operculum. Umbones 
more or less spiral, directed posteriorly. Upper Jurassio to 
Chalk. Ex. E. columba. Upper Greensand. 

OBDER m. EULAHELLIBBANCHIA 
Two equal or nearly equal adductor muscles. Often with 
siphons. Hinge sohizodont, heterodont or desmodont. 

1. SOHIZODONTA 

Hinge sohizodont. No hinge-plate. 'Adductors equal or 
nearly equal. Ligament externa!, behind the umbones. 
Pallial line entire. Nearly all equivalve. Interior nacreous. 
Devonian to present day. 

Trlgonla (fig. 124 B,C). Shell thick, usually ornamented 
with concenteic rows of tubercles or with ooncentrio (sometimes 
radiating) ribe; trigonal, very inequilateral, anterior margin 
rounded, posterior produced and emgular. Generally with a 
ridge extending from the umbones to the posterior border, 
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cutting off a portion which has a different ornamentation. 
Umbonee anterior, directed posteriorly. Teeth strong, grooved; 
in the right valve two teeth diverge from below the umbo; 
in the left three teeth, the central tooth being bifid, the posterior 
(next the hinge-margin) very thin. Ligament marginal, thick. 
Adductor impressions deep, the anterior smaller than the pos¬ 
terior, and placed near the umbonee. A pedal impression in 
front of the posterior adductor of each valve and also one in 
the umbo of the left valve. Pallial line simple. Interior of shell 
nacreous. Rhetio topreeentday; abundantand widely distributed 
in the Jxirassio and Cretaceous; found in the Australian region 
in the Tertiary and at the present day. Ex. T. cosUxta, Inferior 
Oolite to Combrash; T. davellata, Corallian; T. (.^^eotnponta) 
morpontocea, Reoent 

Schlzodus. Similar in form to Tri^onia; shell thin and 
smooth, mnbonee placed anteriorly. ThrM teeth in each valve; 
the anterior inconspicuous in the right valve. Adductor im> 
presmons distinct, but shallow. Carboniferotia and Permian. 
Ex. 8. obictmM, Permian. 

Myophoria. Allied to Sehixodut. Shell oval, triangular, or 
trapezoidal. Umbones anterior, often with a ridge extending 
to the lower part of the posterior border. Surface nearly smooth 
or with radial ribs. Right valve with one median and one 
anterior tooth, and ridge-like posterior tooth. Left valve with 
a triangular, sometimoa bifid median tooth, and one anterior 
and one posterior tooth. Adductor impressions with a ridge 
passing to the hinge. Trias and Rhetic. Ex. M. UxviQota, Trias. 

Unlo. Shell thick, oval or elongated, with a thin peri- 
ostraoum. Surface smooth, tuberculate, striated, or folded; 
interior nacreous. Umbonee more or lees anterior, often cor¬ 
roded. Ligament external, elongated. In the right valve one 
or two thick, im^ular teeth in front of the umbo, and a 
long lamellar posterior tooth; in the left valve, two thick 
irregular teeth near the umbo, and two long lamellar posterior 
lateral teeth. Anterior adductor impression very deep, the 
posterior shallow. Pallial line simple. Trias to present day. 
Lives in fresh water. Ex. V. pietorum, Pleistocene and Reoent. 

Anodonta. Allied to Unio; shell relatively thin, without 
teeth. Fresh water. Miocene (perhaps Purbeck) to present 
day. 
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Carbonlcola {ssAnihr<ico9ia). Similar in form to Unio, but 
tbe anterior part of ahell is high and tumid, the poaterior part 
low and compressed; usually a constriction at the ventral 
border. Hinge-margin triangular, with or without median teeth, 
no laterals. Ligament external. Adductors large, the anterior 
near the margin. Pedal impreesion above the anterior adductor. 
Pallial line simple. Carboniferoixs and Permian. Probably fresh 
water. Ex. C. ro&ttato, C. ovolia. Coal Measures. 

Anthracomya. Differs from Carbontcola chiefly in having 
the posterior part of the shell broad and expanded. Hinge- 
margin narrow, with a median and one posterior lateral tooth. 
Carboniferous. Probably fresh water. Ex. A. modiolarig. 

Gardlnla. Shell trigonal, oval, or oblong, veiy inequilateral, 
compreesed, thick, marked by lines of growth. Interior not 
nacreom. Umbonea small, sharp, close together. Ligament 
external. Cardinal teeth small or obsolete: in the right valve 
one anterior lateral tooth; in the left, one posterior lateral. 
Impreesion of anterior adductor very deep. PallieU line simple. 
Trias to Middle Jurassic (chiefly Lias). Ex. C. litteri, Lias. 

Hlppopodlum. Shell very thick, very convex, oblong; sxir- 
face with lines of growth. Umbonee large, anterior. Hinge 
thick, with one oblique tooth which may disappear in old 
specimens. Adductor impressionB deep. Pallial line simple. 
Lias to Great Oolite. Ex. H. ponderomm, Lower and Middle 
Lias. (Perhaps a gerontio form of CardiMa .) 

S. HETERODOKTA 

Hinge heterodont. Hinge-plate usually well-developed. Two 
equal adductors. Ligament usually external, behind the 
umbones; sometimee internal. Pallial line entire or with 
sinus. Interior poroellanous. Trias (perhaps Silurian) to 
present day. 

(a) Pallial line usually simple. 

Cyprina. Shell orbicular or oval, convex, with concentric 
strie and a thick periostraoum. Umbones prominent, incurved. 
Ligament external, prominent. Lunule seldom present. Bight 
valve with a very small anterior lateral tcoth, two triangular 

x7-a 
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oardinAls, an obliqua posterior cardinal, and a poetorior lateral. 
Left valve with a small anterior lateral, a vertical cardinal, and 
a long oblique posterior cardinal. Adductor impressions oval. 
Pallial line entire. Margins of valves smooth. Lias to present 
day. Ex. 0. ialandica, Coralline Crag to present day. 

Isocardla. Similar to Cyprina. Umbones inflated, curved 
anteriorly or spirally inrolled. In each val\-e two nearly parallel 
cardinal teeth and one posterior lateral. Cretaceous to present 
day. Ex. I. humanus {cor). Coralline Crag to present day. 

Astarte. Shell thick, inequilateral, more or less trigonal or 
sub'Orbioular, oompreassd, closed. Surface usually with con* 
centric furrows or striae. A thick perioetraoum is present. 
Umbones prominent, pointed. Lunule distinct. Escutcheon 
elongated. Ligament external. Right valve with a stout 
vertical cardinal, and a very small cardinal on each aide; 
anterior lateral small. Left valve with two diverging cardinals, 
and a small posterior lateral. Adductor impressions strongly 
marked; above the anterior one is a pedal impreesion. Pallial 
line simple. Trios to present day. Ex. A. omalii, Coralline Crag. 

Opls. Shell trigonal, oordiform, convex, with an oblique 
keel extending from the timbo to the postero-ventral angle. 
Umbones prominent, incurved or sub-spiral. Ligament external. 
Lunule large and very deep. Surface generally with conoentxio 
furrows. One cardinal tooth in the right valve, two in the left. 
Pallial line simple. Trias to Chalk. Ex. 0. lunuhtvo. Inferior Oolite. 

Craasatella (= Creusatelliics). Shell solid, oblong or s\ib- 
trigonal, attenuated behind. Surface smooth or concentrically 
furrowed. Margins of vsJvee smooth or crenulated. Umbones 
small, does together. Lunule distinct. Ligament internal, 
placed in a pit under the umbo. Hinge with two (eometimes 
three) cardinal teeth, and some small latorsds. Adductor im* 
preesioos deep. Pallial line sitnple. Cretaceous to present day. 
Ex. C. stdoata. Barton Beds. 

Gyrena. Shell cordiform, oval, or trigonal, usually with con- 
oentrio ridges; umbones often corroded. Hinge with three 
cardinal teeth; one anterior and one posterior lateral in the left 
valve, and two of each in the right valve. Ligament prominent, 
external. Pallial line usually entire. Meugins of valves smooth. 
Lias to present day. Lives in fresh and brackish water. Ex. 
C. ecylcmioa, Recent. 
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Corbicula. Similar to Cyrtna, but with tiie lateral teeth 
lamellar and transversely striated. Eocene to present day. 
Freeh water. Ex. 0. fiuminalU, Pliocene to preeent day. 

Cardlta. Shell ovoid or oblong, elongated, ineqiulateral, 
with broad radial ribs, narrower on the posterior part, usxially 
scaly; often a little gaping and ainuoxia at its ventral margin. 
Umbonee prominent, anterior. L\m\xle small. Ligament ex* 
temal. In the right valve two long, parallel cardinal teeth, 
which are nearly horizontal, and a very small anterior lateral 
tooth. Xn the left valve one short anterior cardinal, and one 
long posterior cardinal tooth. Adductor impressions large. 
PalUal line simple. Mc^gins of valves coarsely orenulate. Trias 
to present day. Ex. 0. antignata, Miocene to Recent. 

Venericardla. Shell oval, triangular, or heart shaped, in* 
equilateral, with radiating ribs of uniform character. Umbonee 
prominent. Ventral margin crenulated internally, not sinuous. 
Ligament external. Hinge-plate thick and high; in the right 
valve two oblique cardinal teeth and one small or rudimentary 
anterior lateral; in the left two diverging cardinal teeth. 
Adductor impressions unequal. Pallial line simple. Margins 
crenulate. Cretaceous to present day. Ex. V. pecttmcularia. 
Eocene; V. (Venenoor) planicotUi, Bracklesham Beds. 

Ghama. Shell irregular, thick, inequivalve, fixed by the 
umbo of the le^rger valve (generally the left, sometimes the 
right). Umbones spiral or sub*8piral, directed anteriorly, that 
of the fixed valve longer than the other. Surface with concentric 
lamelltt or spines. The fixed valve larger and much deeper than 
the other. In the fixed valve a strong anterior cardinal tooth, 
and a narrow posterior cardinal below the ligament; in the free 
valve two cardinals. Ligament external, in a deep groove, pro* 
longed towards the umbones. Adductor impressions large, the 
anterior oommenoing near the hinge-line. PalUal line simple. 
Upper Cretaceous to present day. Living in warm seas. Ex. 
C. squamoM, Barton Beds. 

Dlceras. Shell thick, inequivalve, fixed by umbo of larger 
(usually the left) valve. Umbonee large, inrolled, directed for* 
wards. Ligament external, in a curved groove at the posterior 
margin of the hinge. Hinge-plate very thick; right valve with 
two large teeth separated by a pit which receives the large 
ear-shaped tooth of the left valve. Adductor impressions 
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distinct, the posterior on a raised elongated plate. Pallial line 
simple. Upper Jurassic. £x. D. arietinum. Htguienia and 
Toucatta (IiOwer Cretaceous) aro fixed by the left valve and 
are related to Dieertu. 

Hlppurltes (figs. 128, 129). Shell very large and massive, 
conical or sub-cylindrical, not spiral, very inequivalve, fixed by 



Fig. 128. Fig. 129. 


Fig. 128. TrsDSTene section of the Urge valve of Hippurites eomu- 
wkjciaum. r, ombonal cavity: «, internal layer of abell; d, external Uyer; 
1, m, n, folds; t, cardinal teeth; o. anterior adductor; o', poeterior adductor; 
e, cavity: cardinal foaaa. Cretaceous. (From Woodwsrd.) x 

Fig. 129. Longitudinal section of the small valve and part of the large 
valve of Hippuritea eorsa.eoccisam, along the line d-i of fig. 128. «, 
umbond cavity of small valve; d, external layer of sbeU; r, internal 
layer; », part of cavity between the valves; o, anterior adductor; o', 
poeterior adductor; t, t', anterior and posterior cardinal teeth of small 
vslve; f, cardinal tooth of large valve. (Prom Woodward.) x 

the apex of the larger valve. The large (lower) valve elongate- 
conical, striated or smooth, and with three parallel furrows 
extending from the apex to the cardinal margin, due to folds 
of the shell-wall which give rise to three corresponding ridges 
in tlm interior. Hinge consists of a small cardinal tooth and of 
cardinal pits; anterior adductor impreesion large and divided 
into two separate parts; posterior adductor in a depression. 
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SmaU {upper) valve flattened or slightly convex, operouliform, 
porous, the pores leading into canals; with a oentral umbo and 
two prominent teeth; the anterior tooth very large with two 
surfaces at its base for the attachment of the adductors; the 
posterior tooth smaller with a tooth>like process for the posterior 
adductor. The small valve is formed of two layers; the outer is 
thin and prismatic, the inner is porcellanous and traversed by 
numerous canals. The outer layer (d) of the large valve is 
compact and formed of small prisms arranged in parallel layers 
obliquely to the surface of the shell; the inner (e) is poroel- 
lanous and formed of thin leaflets. tJpper Cretaceous. Ex. 
H. comU‘vaccinum. 

RadioUtes. Shell large, thick, valves very unequal. The 
large {lower) valve conical or sub-oylindrical, generally straight, 
fixed by its apex (umbo); surface with vertical ribs, and thick, 
horizontal projecting layers which are more or lees regularly 
folded; with a ligomental fold extending from the apex to the 
margin, and two vertical undulations corresponding to the 
positions of the anal and branchial orifices; outer layer of shell 
very thick, formed of polygonal or prismatic cells; inner layer 
thin, porcellanous, often not preserved; an elongate median 
tooth; two adductor impressions widely separated. The small 
{upper) valve generally convex or conical, sometimes flat, with 
oentral umbo; two straight, elongate, grooved teeth; the two 
adductor muscles were attached to plates on either side of the 
teeth; shell structure similar to that of the larger valve, but 
with the external layer thinner. Upper Cretaceous. Ex. 
R. angeiodee. A Badiolitid {Durania motioni) is found in the 
Chalk of England. 

Mactromya (sUntcordtum). Shell oval or rounded, in* 
flated; surface with concentric lines or ridges. Umbones promi¬ 
nent, curved inwards. In each valve a small oardinsJ tooth 
which is often obsolete, and a posterior ridge separated from 
the margin by a furrow in which is the external ligament. 
Adductor impressions ellipticed. Trias to Cretaceous. Ex. 
M. cardioides, lias. 

Luclna (fig. 124 F). Shell orbicular or oval, slightly inequi¬ 
lateral, usually ornamented with concentric lines or ridges. 
Lunule usually distinct. An oblique fiirrow extends from the 
umbo to the posterior border. Hinge usually with two cardinal 
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and one or two lateral teeth in each valve; the lateral, or the 
cardinal, may be absent. Ligament elongated, external, some* 
times sunk in a groove. Adductor impressions well marked, 
the anterior elongated and placed mainly within the line, 

the posterior ovaL Pallial line entire. Margins of valves smooth 
or finely orenulated. 'nias to present day. Ex. L. columbeUa, 
Miocene. 

Megalodon. Shell thick, equivalve. smooth or with con* 
oentrio lines, convex, inequilateral, oval or rounded triangular. 
Umbones prominent, curved forward. Ligament external, long. 
Hinge-plate very large and thick; teeth thick; in the right valve 
two cardinals separated by a pit; in the left valve one carnal 
under the umbo and a small anterior cardinal; no laterals. 
Anterior adductor impression small, semilxmar; posterior ad¬ 
ductor long, shallow, on a ridge extending from the hinge to 
the posterior border. Devonian to Lias. Ex. M. eueuilatut, 
Devonian. Pachyritma (Trias and Jurassic) is allied to Mega- 
lodon. 

Cardlum. Shell convex, slightly inequilateral, cordate or 
oval, generally closed. Umbones prominent, incurved, tiimed 
slightly to the anterior end. Surface with radiating ribs, which 
am often spiny. Margins of valves orenulated. No distinct 
hinge-plate. Bight valve with one or. two cardinal teeth, two 
anterior laterals, and one or two posterior laterals; left valve 
with two cardinals, one anterior lateral and one posterior lateral. 
Ligament external. Adductor impressions shallow. Pallial line 
entire. Trias to present day. Ex. C. coetaium. Recent; C. (Acan- 
thocardia) acuUatum, Pleiatooene and Recent; C. (Cerattoderma) 
eduU, Pliocene to preeent day. 

Protocardla. Similar to Carditm, but with radiating ribs 
on the poeterior part of the ahell only, the remainder with 
oonoentrio riba. Jurassic to present day. Ex. P. Upper 

Greensand. 

Tbetlronla (sTAsfts), Shell thin, oval, rounded, very con¬ 
vex, sUghtly or moderately inequilateral. Umbonee prominent, 
curved inward and slightly forward. No lunule. Ligament 
external. Two small conical or tubercular cardinal teeth under 
the umbo in each valve; no laterals. Adductor impressions near 
the anterior and poeterior margins. Pallial line simple. Two 
internal ribs meet at an acute angle near the umbo and extend 
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ventrally to the level of the adductors. Surface of shell nearly 
smooth, >vith c<mcentrio lines and radial rows of imtRlI pita 
which are more distinct on the posterior part than elsewhere. 
Cretaoeous. Ex;'2*. minor t Lower Oreensand. 

(5) Paliial line usually with a sinus, but sometimes sinuous 
only. 

Venus. Shell thick, oval, oonvex, ornamented with ocfti' 
centric lamelle, sometimes with radial ribs; lunule distinct. 
Margins of valves finely crenulate. Hinge<plate wide; in each 
valve three thick cardinal teeth, no lateral teeth. Ligament 
external, prominent. Pallia) sinus short, angular. Miocene to 
present day. Ex. V. eaaina. Pliocene to present day; V. verru¬ 
cosa, Recent. 

Meretrix (fig. 123). Shell thick, ovate, sub-trigonal, oonvex, 
smooth or with concentric ornament. Margins of valves smooth. 
Lunule present. Ligament external. Hihge-plate thick, with 
three cardinal teeth in each .valve, two anterior laterals in the 
right, and one in the left valve. Paliial sinus anguleu* or rounded. 
Cretaceous to present day. Ex. JIf. meretrix. Recent; Af. (ilfacro- 
caUieta) planus. Upper Qreensand; Af. (Cordiopeie) incmesata, 
Oligocene; Af. (MacroeaUista) chione, R^nt. Aferetrix is here 
xued in a wide sense, and includes Macrocallieta { = CaUieta), 
Cytherea, Tivela, Pitaria, etc. 

Doslnia { — Artemis). Shell orbicular, oompreesed, with con¬ 
centric ridgee or striae. Lunule depressed. Escutcheon narrow. 
Ligament sunk. Three cardinal teeth in each valve, one anterior 
lateral in the left valve and two (rxidimentary or absent) in the 
right. Mctfgins smooth. Paliial sinus very deep, pointed. Oligo¬ 
cene to present day. Ex. D. ezoleta, Coralline Crag to present 
day. 

Tellina. Shell elongate-oval, slightly inequivalve, - com¬ 
pressed, rounded in front, attenuated behind, and furnished 
with an oblique fold from the umbo to the posterior border. 
Umbonee small, turned slightly to the posterior. No lunule. 
Margins of valves smooth. Two cardinal teeth in each valve 
(one being bifid), and one anterior and one posterior lateral, 
lagament external, prominent. Paliial sinus very deep. Jurasaio 
to present day. Ex. T. virgata. Recent; T. rostralis, Eocene. 
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Macoma is shorter and more oval in outline than TtUina 
and withoutlateral teeth. JSooene to present day. l^x.M.baUhiea 
Pliooene to Recent. 

Psammobia (sCdri). Shell thin, elongate, sub-equilateral, 
gaping at the ends, anterior side rounded, posterior side more 
or less truncate and angular; with a fold from the umbo to the 
postero-vontral angle. Surfa43e smooth or with etriss. Ligament 
external, thick, joined to prominent ridges. Usually two 
cardinal teeth in each valve, some being bifid. Adductor im. 
pressions near the dorsal border. PaJlial sinus very deep. 
Cretaceous to preeent day. Ex. P. /errosnsw. Coralline Craii 
to preeent day. ^ 

Donax. Shell trigonal or oval, inequilateral, anterior side 
longer than the posterior. Urabonee small, directed posteriorly. 
S\^ace smooth or with radial grooves and concentric strise. 
Kght valve with two cardinal teeth, the posterior sometimea 
bifid, a lamellar anterior lateral and a short posterior lateral. 
Left valve with two diverging, cardinal teeth and one posterior 
mteral. Ligament very short, external or partly internal. 
Pallial sinus deep, rounded. Margins of valves usually crenu- 
late. Eocene to present day. Ex. D. vUtatut, Pliocene and 
Recent. 

Solen. Shell very long, sub-cylindrical, straight, smooth or 
finely striated, the dorsal and ventral margins paraJlel; gaping 
at both extremities. Margins of valves smooth. Umbones at 
the anterior end. Hinge terminal, with one cardinal tooth in 
each valve. Ligament long, external. Anterior adductor im- 
pmssion elongated, parallel to the dorsal margin. Pallial sinus 
^ort Eocene (perhaps earlier) to preeent day. Ex. 8. ohliguus 
Brackleshom Beds; 8. vagina. Recent. 

Mactra. Shell oval or trigonal, nearly equilateral, smooth 
or wi^ oono^tric stria. Internal Hgaraent in a large triangular 
pit. External hgament in a groove. In front of the internal 
ligame^.pit is a bifid cardinal tooth (in the form of an in¬ 
verted V) ; totwior and posterior lateral teeth long and lamellar; 
two of each m the right valve, one in the left. Adductor 
impressions semicircular. Pallial sinus roimd or angular. Oeta- 
wous to preeent day. Ex. M. stuUarum. PUooene to present 
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3. DESMOBOKTA 

Hinge desmodont. External ligament behind the umbones; 
internal ligament sometimes present. Two equal adductors. 
Pallial sinus usually present. Valves often somewhat un¬ 
equal. A few genera in the tipper Palseozoio, mainly Trias 
to present day. 

Mya (flg. 122). Shell oblong, gaping at both ends, par¬ 
ticularly at the posterior; the left valve a little smaller than 
the right. Surface with concentric ridges. In the left valve a 
largo spoon-like process (chondrophore) to which the internal 
ligament is fixed, and a corresponding pit imder the umbo of 
the right valve. Externa) ligament thin. Anterior adductor 
impression elongated. Pallial sinus large and rounded. Eocene 
to present day. Ex. Af. trunoata. Pliocene to present day. 

Corbula (= Aloidit). Shell convex, oval, inequivalve, closed, 
rounded in front, sonuiwhat angular and contracted behind, 
with a ridge passing from the umbo to the posterior angle. 
Surface generally with concentric grooves. Umbones prominent. 
Kight valve larger and more convex than the left, and with a 
strong cardinal tooth in front of the ligament-pit; left valve 
with a spoon-like prooess for the internal ligament. External 
ligament present. Adductor impressions well marked. Pallial 
line slightly sinuous posteriorly. Trias to present day. Ex. 
C. jrisum. Eocene; C. gibba, Miocene to Recent. 

Panopea. Shell equivalve, inequilateral, oblong, rounded in 
front, thick, concentrically striated, gaping at each end, espe¬ 
cially at the posterior. Ligament external, on prominent ridges. 
One cardinal tooth in each valve. Pallial sinus deep. Cretaoeoiis 
to present day. Ex. P. faujati. Coralline Crag to present day. 

Saxlcava Shell small, more or loss oblong, 

gaping; umbones anterior. Ligament external. Teeth absent 
in the adult, one or two cardinals present in the young. Pallial 
line not continuous, ainuouB. Saxioava bores into rocks, etc. 
Jurassic to present day. Ex. S. rugoMt Coralline Crag to 
present day. 

Pholas. Shell elongate, very inequilateral, cylindrical, 
gaping at both ends. Surface with spiny ridges, be^ marked 
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in firont. On the doreal region are one or more accessory 
calcareous plates. No teeth; no ligament. Hinge>margin 
reflected over the umbonal region. In the interior, under the 
umbones, is a process for the insertion of the muscle of the foot. 
Pallia] sinus very deep. Phola$ bores into rooks, etc. Eocene 
(perhaps Mesozoic) to present day. Ex. P. daciylita. Pleistocene 
emd Recent. 

Teredo. Shell more or less globular, gaping at the ends, 
valves tri-lobed, with concentric ridges; without teeth; ad¬ 
ductors unequal. In the interior, xinder the umbones, ia a long 
narrow plate for the insertion of the pedal muscle. Posterior 
part covered by a long, calcareous tube, which is sub-cylindrioal, 
straight or curved, and often with partitions. Teredo perforates 
wood. Jxirassio to present day. Ex. T. norvegica. Coralline 
Crag to present day. 

Pleuromya. Shell elongated, anterior side short and rounded, 
posterior long and generally compressed, sometimes gaping; 
surface with concentric folds. Hinge without teeth, but each 
valve with a tooth-like boss near the umbo. Ligament external. 
Adductor impressions faintly marked; pallial sinus deep. Trias 
to Lower Cretaceous. Ex. P. donacinat Corallian and Kime- 
ridgian. 

Grssslya. SheU oval, elongate, very inequilateral, smooth 
or with concentric furrows; anterior side high and inflated, 
posterior side narrowing and somewhat compressed. Umbones 
anterior, close together; lunule sometimes well marked. Liga¬ 
ment internal. Right valve a little higher and larger than the 
left. Adductor impressions shallow; pallial sinus deep. Behind 
the umbo of the right valve is a tooth-like projection and an 
internal plate—the latter appears as a furrow in casts of the 
shell. Jurassic. Ex. O. gregaria, Q. abduota. Inferior Oolite. 

Ceratomya (^Ceromya). SheU heart-shaped, inflated, in¬ 
equilateral, flnely granular, with concentric groovee. Left valve 
not quite so convex as the right. Anterior side short, posterior 
longer and compreesed. Umbones prominent, anterior, curved 
forward. Hinge thickened, with a ridge behind the umbones; 
teeth absent. Pallial line sinuous. Jurassic. Ex. C. concentrioa, 
Inferior Oolite to Combrosh. 

Pholadomya. SheU thin, translucent, oblong or oval, ventri- 
cose, equivalve, gaping posteriorly and sometimes anteriorly. 
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Anterior side short and rounded. Surface with radiating ribs 
(corrugations) crossed by conoentrio folds or atrin. Umbones 
prominent. ligament external, short. Hinge without teeth 
or with a small transverse tubercle. Adductor impressions very 
faint. Fallial sinus moderately deep. Lias to present day; 
abxmdant and widespread in t^ Mesozoic; two species living, 
one in the Antilles, one in Japan. Ex. P. margaritaoea, London 
Clay. 

Homomya. Similar to Pholadtrmya. Without radial ribs; 
s\irface smooth or ornamented with fine granules. Trias to 
Cretaceous. Ex. H. gi66o«a. Inferior and Great Oolite. 

Gonlomya. Similar to the last two, but with V.shaped ribs 
pointing ventrally. Lias to Cretaceous. Ex. O. literata. Great 
Oolite to Kimeridge Clay. 

Thracia. Shell rather thin, oblong, compressed, attenuated 
and gaping posteriorly: surface smooth or concentrically 
striated. Umbones nearly central, turned a little to the posterior 
side. Bight valve usually larger than the left. External liga¬ 
ment short, prominent. Hinge without teeth. Behind the 
umbo is a stout process or ossiole in each valve to which the 
internal ligament is fixed. Adductor impressions small. Fallial 
sinxiB not deep. Trias to present day. Ex. T. pubescena, Coralline 
Crag to present day. 

4. PALAOOOKOHA 

Shell thin. Hinge either without teeth or with only im¬ 
perfectly developed teeth, and without hinge-plate. Liga¬ 
ment external. Two nearly equal adductors. Fallial line 
simple. This group is a provisional one and includes primi¬ 
tive Palaeozoic genera, affinities of which have not yet 
been determined. 

Grammysla. Shell elongate-ovate, very ineqtiilateral, oma- 
mented with concentric furrows, and one or more radial folds 
passing from thw umbo to the poetero-ventral border. Umbones 
placed anteriorly. Lunule very deep. Hinge-margin thick, 
without teeth. Anterior adductor very small, posterior large. 
Fallial line simple. Silurian and Devonian. Ex. O. cinguiata, 
Silurian; Q. hamiUonenaia, Devonian. 
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Gardlola. Shell thin, convex, oval, generally inequilateral; 
umbonee prominent, incurved. Surface with welhmarked 
radiating and oonoentrio groovea. Hinge^line straight, probably 
with very small teeth; ligamental area large, horizontally 
grooved. Muscular impressions unknown. Siliirian and De> 
vonian. Ex. C. iiUerrupta, Lower Ludlow, etc. 

Cardlomorpha. S^ll thin, smooth or with ooncentrio linee; 
sub<quadrate or rounded, inequilateral, very convex. Umbones 
prominent, curved forwards; no lunule. Hinge toothless. 
External ligament small. Adductor impressions shallow; pallial 
line simple. Principally Carboniferous. Ex. O. oblonga. Car* 
boniferous Limestone. 

Edmondla. Shell sub-quadrate or ovate, convex, inequi¬ 
lateral; surface with concentric lines or ridges. Umbones 
anterior; no lunule, no escutobeon. Hinge toothless, with a 
thick ridge posterior to the umbones suid separated from the 
edge of the valve by a groove. Posterior to the hinge is an 
internal, elongated 'oasicle*. External ligament small. Pallial 
line simple. Devonian and Carboniferous. Ex. E. unioni^ormia. 
Carboniferous Limestone. 

Sangulnolltes. Shell elongate, very inequilateral, with 
rounded ends, the posterior part usuaUy higher than the an¬ 
terior parts; surface with oonoentrio ribs or lines. Umbones 
near the anterior end, with a ridge passing to the lower part 
of the posterior end; lunule and eeoutcbeon distinct. Antwior 
adductor impression large, deep, limited posteriorly by a ridge; 
posterior adductor shallow, near the hinge. Pallid line entire. 
Hinge toothless. Carboniferous. Ex. 8. angttMatui, Carboni¬ 
ferous Limestone. 


Di^ribution of the LameUibranchia 

All the Lamellibranchs are aquatic animals, and by far the 
larger number are marine. The marine forms range from the 
shore-line down to a depth of 2900 fathoms; they are most 
abundant in shallow water, wd are scarce at depths greater 
than 500 fathoms, but the following, and a few other genera, 
have been found below 1500 fathoms: Nucula, Nuculanat 
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Area, lAmopsiB, MaUetia, Verticordxa, Cuapidaria { = Ne<era) 
(see p. 296). 

Two genera, which may be Lamellibrancbs, have been 
recorded from the Lower Cambrian of North America. In 
England the earliest forms appear in the Lower Ordovician. 
Lamellibranchs are not usually common in the Ordovician, 
but the Taxodonta, Mytilacea, Pteriacea and Palseoconoha 
are represented. These groups continue throughout the 
Palseozoio, the Palseoconcha being especially characteristic 
of the Ordovician, Silurian and Devonian. The Sebizodonte 
are well represented in the Carboniferous and Permian by 
Schizodus, Carbonicola, etc. The Pectinacea begin in the 
Silurian and become numerous in the Upper Pakeozoic. 
In the Carboniferous the Palseoconcha are represented by 
Edmondia and Sanffuinolites. AUoriama (Carboniferous and 
Permian) is one of the few Palaeozoic genera with a pallial 
sinus. 

Lamellibranchs form an important part of the faunas of 
the Mesozoic and Tertiary formations. Most of the Paleo¬ 
zoic genera die out before the beginning of the Mesozoic. 
In the Trias the Pteriacea, Pectinacea and Mytilacea are 
abundant. The Ostraoea and Anomiaoea now appear. The 
Schizodonta, Heterodonta and Desmodonta are represented 
by a few genera. In the Jurassic and Cretaceous all these 
groups increase in importance. The Taxodonta are repre¬ 
sented by numerous forms allied to Area and CucuUeea', 
the Schizodonta by many species of Triffonia. The Creta¬ 
ceous period is distinguished by the abundance oflnoceramus, 
and by the presence of the Rudistids {HippuriUa, Radiolites 
and others). In the Tertiary period the Heterodont group 
attains the greatest importance. 

Fresh water lamellibranchs are generally rare in the 
PaUeozoic and Mesozoic formations. Probably the earliest 
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form ia Archanodon {^Amnigenia) jukeai from the Old 
Red Sandstone. In the Coal Measures several species of 
Ca^xmicola, Anthracomya, and NaiadiUa occur. The living 
type Unio has been found in the Inferior Oolite of York* 
shire, and is fairly oommon in the Purbeckian and Wealden 
of the south of England, where it is associated with Cyrma. 
Fresh water lameUibranchs also occur in the Woolwich 
Beds, the Oligocene deposits, and in the Pleistocene river* 
gravels. 

The principal genera of Lamellibranchs found in the dif¬ 
ferent systems are as follows: 

Ordovician. Cttnodonta, Cyrtodonta, Heikia, Modidopna, 
AmbonycMnia, Myttiarca, Actinopterinia, Shaninoptis. 

Silurian. Ct«nodonta, Cardiola, Pterinea, Paiaoptctent Am- 
bonychia^ ModiolopM, Orammysia. 

Devonian. NueuJa, Ctenodonta, Cardiola, Pterinea, Avioulo- 
peden, AcHnopteria, Megalodon, Conoeardium, Orommysia. 

Carboniferous. Nveula, PoraHelodon, Poeidonia, Pinna, 
Conoeardium, Leiopteria, subgenera of Peeten, Avioulopecten, 
Pterinopeeten, Schixodxu, Protorehizodiu, Oarbon/icola (= An- 
ooeia), Anthraeomya, Bdmondia, Somguinolitet, Cardio-. 
morpha. 

Penman. BaheviUia, Schieodtu, P$eudomonotia (Bumicrotie), 

Trias. NueuJa, Nueutana, PaUxoneilo, OennUia, Hesmeeia, 
Pteria, Monotie, Oaeeianella, HaJobia, Oetrea, Peeten (sub¬ 
genera), Lima, Myophoria, Megedodon, Cardium, Paleeooardita. 

Juraaaio. NueuJa, Nuculana, Area, Orammatodon, Myoooncha, 
Modiola, Hippopodium, Pteria, Peeudomonotie, OervUlia, Pema, 
Pinna, Oetrea, Oryphoea, Lopha {^Alectryonia), Peeten (various 
subgenera of), Lima, Cardinia, Trigonia, Dicerae, Cardium, 
Madromya (b C7n»oartfium), Astanie, Opie, Anieoeardia, Pachy- 
riema, Pleuromya, Ceratomya, Qrettlya, Pholadomya, Homamya, 
Ooniomya, Thraeia. 

Cretaceous. NueuJa, Area, CuettJJoea, Modiola, Myoconcha, 
QerviUia, Inoeeramua, jPema, Pteria, Bwhia {=AueeUa), Auod- 
Una, Oetrea, Exogyra, Lopha Alectryonia), Peeten (Uie sub¬ 
genera ChJamye, Syncydonema, Neithea, etc.), Lima, Spondylue, 
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Plicatula, Unio, Trigonia, Hippttniea, Radiolites, SphcBruliUa, 
Cardium, Prctooardia, Thetironia, Cyprina, Cyrena, Macro- 
callista, Panopea, Pholadomya. 

Eocene. Nueula,Area, Olycimeria\Pectttnculus),Pinna, PecUn 
(C?Uamy8, etc.), Ostrea, Ohama, Cardium, Venericardia, Cardita, 
Aetarte, CrasaoUVa, Cyprina, Lucina, Cyrena, Corbicula, Mere- 
trix, Paammobia, TelUna, Corbuta, Panopea, JP?icUtdomya. 

OUgocene. Mytilus, Dreiaaenaia, Oatrea, Cyrana, Corbula^ 
Erodona (^Potamomya), Lucina, Maratrix, Venua, Paammobia. 

Miocene. Barbatia, Anadara, Pactan, Anemia, Oairea, Cardiia, 
Lucina, Vanua, Mareirix, Doainia. 

Pliocene. Nucula, Olyeimerta (s Paclttnoulua), Mytilua, Pectan, 
OhUsmya, Cardium, Cardita, Aatarta, Cyprina, laooardia, lAioina, 
Venua, Doainia, TeUina, Mya, Phoku, Thrada. 


CLASS IL AMPHINBUEA 

The Amphineora include Chikm and its allies. The body is 
bilaterally symmetrical and more or less elongated, with the 
mouth in firont and the anus at the posterior end. The head 
is without tentacles and eyes. The mantle covers the dorsal 
surface and the sides of the body. A nerve-ring surrounds 
the GBsophagus and from it two nerves come off on each 
side and extend to the posterior end of the body; ganglia 
are poorly or not at all developed. A radula is sometimes 
present. All the Amphineura are marine. There are two 
Orders. 

(1) Pdyplacopkora. The foot is large and flat, and forms 
the whole of the ventral surface of the body. There are 
numerous (6 to 80) pairs of gills, which are placed in a 
groove between the foot and the mantle. The shell consists 
of eight transverse plates placed in a longitudinal row on the 
dorsal surface of the body; each plate usually overlaps the 
one behind it, and a flexible band or girdle encircles the 
whole series of plates. 

x8 
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Pol 3 rplacophora live chiefly in shallow water, but a few 
examples have been found at great depths. Although of 
great antiquity and represented by a large number of living 
species, they are rarely foxmd fossil. The earliest forms 
{Pn9co(^iton) occur in the Ordovician; Helminth<>chiUm is 
found in the Silurian; Qryjthochiion and other genera in the 
Carboniferous; Ltpidojileurua, ChiUm and o^ers in the 
Tertiary. 

(2) The Aplacophora are worm-like in form, and being 
without a shell are not known fossil. 

CLASS nr. GASTEROPODA 

Well-known examples of the Gasteropoda are the snail, the 
whelk, and the cowry. The bilateral symmetry, so charac¬ 
teristic of the lamellibranchs, is generally to a large extent 
obliterated, owing to the twisting of the visceral mass and 
the atrophy of some of the organs on one side of the body. 
There is a distinct head, which bears one or two pairs of 
tentacles, and usually also eyes. On the ventral surface 
of the body is the foot; this is usually large and sole-like 
and used for crawling, but in the Hoteropods it is in the 
form of a flattened fin, and in the Pteropods it is wing-like. 
The mantle is never divided into two lobes. Respiration 
takes place in some cases through the skin, but generally 
by means of a lung-cavity or by gills; the latter are placed 
in a sac formed by the mantle; sometimes they are present 
on both sides of the body, but usually the original left gill 
has disappeared. In some forms the mantle, at the opening 
of the gill-sac, is produced into a tube, known as the siphon, 
by means of which water passes to the gills. The heart is on 
the dorsal surface, and consists of-a ventricle and usually 
one, but in some cases two auricles. In many forms the gills 
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are placed in front of the heart, but in others behind it. 
The mouth is at the anterior end of the body, and the anus 
is near the opening of the gill ch&mber. On the floor of the 
cavity of the mouth is a dental apparatus, known as the 
odontophorti this consists of a cartilaginous and muscular 
ridge on which rests a chitinous ribbon (the radula)\ the 
radula bears numerous teeth placed in rows, and serves as 
a rasping organ. The arrangement of the teeth varies in 
different genera and is of considerable importance in classi¬ 
fication, but since the radula has never been definitely 
recognised in fossil forms, it can only be used by the pahe- 
ontologist in the case of genera which have existing repre¬ 
sentatives. In most gasteropoda, except the carnivorous 
genera and the Heteropods, there are also one or two homy 
jaws in the upper part of the mouth which are used for 
biting. The nervous system consists of ganglia which are 
connected by nerve-cords. Typically there are three pairs 
of principal ganglia—the certbral placed above the oeso¬ 
phagus, and the pleural and pedal placed below it; a visceral 
nerve-cord, which may bear ganglia, comes off from the 
pleural ganglia, and forms a loop ventral to the intestine. 
In some gasteropoda this loop is simple, but in others (the 
Prosobranchiata) one side is bent over so that the loop 
forms a figure of 8. In some gasteropoda the sexes* are 
separate; others are hermaphrodite. 

In the majority of the gasteropoda a shell is secreted 
by the mantle; in a few forms, as for instance the slugs, it 
is internal, but usually it is external and covers the visceral 
mass. The shell consists of a single piece, and is hence said 
to be univalve. In the limpet {Patella) it has the form of a 
hollow cone; but in most cases it consists of a long tube, 
open at one end, and tapering to a point at the other. This 
tube is coiled into a spiral, generally screw-like, each coil 

z8-3 
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being termed a in a few genera {e.g. Vermetua, S%li‘ 

qttaria) the whorls are separated, but as a rule they are in 
contact (fig. 130), the line between two contiguous whorls 
being known as the stUure (si*). All the whorls, except the 
last, together form the spire (i?) of the shell, the point of 
which is termed the apex (a). The last whorl is nearly 
always larger—frequently much larger—than the one pre. 
ceding, and the part of it farthest from the apex is called 
the base of the shell. The spire varies in form in different 
genera and species; sometimes it is composed of a large 
number of whorls, sometimes of few, and it may be long, 
short, or depressed; occasionally all the whorls are in one 
plane. The ^glo of the spire {spiral angle) consequently 
varies; this is measured by lines drawn from the apex to the 
base of the shell on opposite sides of the exterior of the 
whorls. The coiling of the shell is usually dextral; so that 
when the apex of the shell is pointed away from the observer 
(as in fig. 130) the aperture will be on the right-hand side; 
in a few cases it is sinistral, when the aperture will be on the 
left. Sinistral forms may occur as ‘sports’ in a dextral 
species, or they may be characteristic of a species or occa¬ 
sionally of a genus. 

Frequently the inner parts of the whorls coalesce, and 
form an axial pillar extending from the apex to the base of 
the shell (fig. 130) and known as the edumella. In other 
cases the inner parts do not fuse, and in the place of the 
columella there is left a tube-like space, extending from the 
base of the shell a greater or less distance towards the apex; 
this spsice, which opens at the base of the shell, is called 
the umbilicus. When there is a columella the shell is said 
to be imperforaU, when instead there is an umbilicus it is 
perforate. The opening of the umbilicus sometimes becomes 
pa^y or completely filled up with coUus (see p. 278). The 
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animal is attached to the columella by means of a muscle, 
the contraction of which enables it to withdraw completely 
into the shell; but, when not re¬ 
tracted, the coiled visceral mass 
only is covered by the shell. 

Usually the cavity of the gas- 
teropod shell is continuous ft'ora 
the apex to the aperture, but in 
a few cases partitions are thrown 
across the earlier parts of the 
6hell(iig. 130), forming chambers 
which remain empty. The form 
of the aperture varies consider¬ 
ably in different genera and is of 
great importance in classifica¬ 
tion ; in shape, it may be circular, 
ova), elongate, oblong, etc. Its 
margin is termed the ptriaiome: 
the outer part forms the outer lip 
(Zr), the inner part (that next 
the columella) the mner lip. As , .. v t *• e 

' , , ^ . Fig. 130. Longitudinal nection of 

the gasteropod crawls along, the Cymatium [Tritonium] cwnga- 
shell is carried on the dorsal sur- <«"». The upper jiart of th® apiro 
face of its body with the apex 

directed backward and upward, suture; 8, sptr®; L, outer lip of 

andtheaperturedownward;oon- theaperturo;oc, anterior 

. i)e,poet«riorcanal. (FromWood- 
sequentlythepartoftheaperture 

farthest from the apex ison/ertor, 

the opposite (nearest the apex) is poeUrior. Sometimes, as in 
ISatica, there is no break in the pieristome, and it is then said to 
be entire or hotostomaloM ; in other cases the anterior border 




is notched or produced into a tube (ac) in which the incur¬ 
rent siphon is placed, and these forms are said to be siphono- 
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siomaicKs ; sometimes there is aJso at the posterior border 
another notch or a canal (pc), in which the excurrent or 
anal siphon is placed. The outer lip may be thin and sharp, 
or thickened. Sometimes it is curved outwards, and is then 
said to be reflected-, or it is curved inwards— inflected. Its 
margin may be even, or crenulatcd, or produced into pro¬ 
cesses, or grow outwards to form a wing-like projection. In 
some genera a shelly deposit, termed callus, is secreted by the 
mantle on the inner lip and adjoining part of the last whorl. 

Many genera have a calcareous or homy plate, known as 
the oper^um, attached to the dorsal part of the posterior 
end of the foot; this is so arranged that when the animal 
withdraws into its shell the operculum more or less com- 
plctely closes the aperture. It probably represents the 
byssus of the lamellibranch. The operculum is seldom pre¬ 
served fossil; its form varies considerably in different genera, 
in some (Turbo) it is of very large size with the inner surface 
flattened and the outer convex; it may have a spiral struc¬ 
ture, and is then sometimes formed of a large number of 
whorls (muUispircd) as in Trochua, or of a few whorls (pauct- 
spirai) as in LUtorina. When not spiral it may be concerUric, 
if growth takes place equally all round; it is then marked 
with concentric lines, the nucleus being nearly central, as 
in Viviparus ; or it may be unguxcuiate or claw-shaped when 
the nucleus is at the apex as in Fusinus. 

The form of the shell in the spiral gasteropods varies 
considerably, depending on the arrangement of the whorls 
in one plane or in a helicoid spiral, on the spiral angle, on 
the number and shape of the whorls, on the size of the last 
whorl and whether it conceals the earlier whorls or not. 
The chief types are the following: 

1. Discoidal; all the whorls are nearly or quite in one 
piano, and all are visible on the exterior as in Planorbis. 
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2. C<mical or trochifonn; conical with a moderately acute 
spire and a flat base. The whorls increase in diameter 
uniformly and have nearly flat surfaces, e.g. Trochua. 

3. TurbinaU; conical with a convex base, as in Turbo. 

4. TurreUd; spire long, very acute, formed of numerous 
whorls which increase in diameter slowly and uniformly, as 
in Turritdla. 

5. Fusiform; spindle-shaped, thickest in the middle and 
tapering to each end. The spire is elongated and the base 
of the Iskst whorl is produced into a long neck, as in Fusinvs. 

6. Cylindrical; after the first few whorls their diameter 
remains constant or may decrease near the anterior end of 
the shell, as in PupiUa. 

7. Globular; spire short, last whorl large and rounded, 
as in Naiica. 

8. ConvduU; when the last whorl is very large and convex 
and covers all or nearly all the others and the aperture is 
consequently as long as the shell, as in Cyproea. 

The surface of the shell is firequently ornamented with 
spines, knobs, ribs, or strise; these are said to be spiral when 
they run parallel with the sutures, and transverse when they 
cross the whorls from suture to suture. In some genera 
{e.g. Murez) rows of spines, or lamellar processes, extend 
across all the whorls from the apex to the base of the shell, 
forming what are termed varices. The surface of the shell 
in recent gasteropods is generally coloured, often variegated; 
in fossil examples the colour has nearly alwa}^ disappeared, 
but a few specimens, from various formations, even as early 
as the Carboniferous, have been found showing the colour 
more or less perfectly preserved. The shell consists of an 
outer chitinous layer, and of a calcareous layer, usually 
aragonite, which is thick and poroellanous; in some cases 
there is also an inner nacreous or pearly layer. 
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The protoconoh or embryonic shell is often found at the 
apex of the shell, and usually consists of several whorls 
differing in character those of the rest of the shell. 
The gradual development of the ornamentation on the 
gasteropod shell may be traced on the whorls which follow 
the protoconoh. 

The Gasteropoda are divided into three Orders: (1) Proso- 
branohiata, (2) Opisthobranchiata, (3) Pulmonata. 

ORDER L PROSOBRANCHIATA 

in the Prosobranchiata (or Streptoneura) the visceral nerve- 
cord is twisted into a figure of 8. Usually one gill only is 
present, and it is generally placed in front of the heart. 
The sexes are separate. An operculum is found in most 
cases. The Prosobranchiata are divided into two sub-orders, 
(1) the Aspidobranchia, (2) the Pectinibranchia. 

SUB-ORDER I. ASPIDOBRANCHIA 

The axis of the gill is attached at its base only and bears 
two rows of plates [bipeclinaU). This group includes the 
more primitive gasteropoda in which signs of the original 
symmetry are shown by the presence of two kidneys, two 
auricles and, in some cases, two gills. The Aspidobrancha 
are nearly all marine and include the majority of the Palaeo¬ 
zoic gasteropoda. 

Patella. Shell conical, outline oval or sub-circular; apex sub- 
central, nearer the anterior border; surface with relating ribs 
or Btrie, rarely smooth. Margin simple or spinoae. Muscular 
impression horse-shoe shaped, open in front. Jurassic (perhaps 
PaiKOzoio also) to present day. Ex. P. wjigata, Pliocene to 
present day. 

Pleurotomaiia. Shell troohiform, conical, turbinate, or 
nearly discoidal; interior nacreous. Umbilicus present or absent. 
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Aperture 8ub>quadrate or oval, outer lip sharp, with a slit 
which, as the shell grows, becomes filled up, leaving a band on 
the whorls, towards which the linos of growth are directed 
obliquely backwards. Operculum homy. Trias to present day; 
common and widespread in Jurassic; four species living in the 
seas of the West Indies and Japan at depths of from 70 to 
200 fathoms. Palseozoio representatives of the Fleurotomariidas 
begin in the Silurian. Ex. P. angUca, Lias; P. wiuxta. Inferior 
Oolite. 

Murchisonla. Shell turreted, with many, more or less 
angular whorls, provided with a band as in Pleurotomnrict, 
Aperture oblong, with a slit, and a verj' short anterior canal. 
Devonian to Trias; mainly Devonian and Carboniferous. Ex. 
M. vemeuiliana. Carboniferous Limoetone. Allied genera {Cyrto- 
stropha, Hormotoma, etc.) occur in the Lower Palaeozoic, 

Bellerophon (fig. 131). Shell globular, smooth or with 
growth'lintf; umbilicus small or closed; whorls few, embracing, 
symmetrically coiled in one plane; with or 
without umbilicus. Aperture sub^circular 
or oval, with a deep median slit, which is 
replaced by a band or keel dividing the 
shell into two similar parts; colpmellar 
edge often with callus. Silurian to Per- 
. mian; maximum in Carboniferoxis. Ex. 

B. Unuifascia, Carboniferous Limestone. 

Allied genera are Bucaniop»is,CymbulaHa, 

Euphemtts, Sxnuiiet, Waagenelia. 

Emarglnula. Shell conical, surface 
generally ornamented with a trolliS'Work 
of longitxidinal and transverse ribs; apex not perforated, ciirved 
posteriorly. Anterior border with a well-marked slit, which be¬ 
comes filled up during growth, leaving a raised band. Muscular 
impression horse-shoe shaped; no internal septum. Jura^c 
(perhaps Carboniferous) to present day. Ex. E.Jissura, Coralline 
Crag to present day. 

Fissurella. Shell similar to EmargintUa, but more or less 
depressed; apex perforated and nearer the anterior than the 
posterior border; no marginal slit. Muscular impression as in 
Pai^JUx. FUaureUa is divided into several sub-genera;.many of 
the fossil species belong to the sub-genus FiMuridca, Jurassic 



Pig. 131. Better^Aon, 
from the Carboniferous 
Lunestone, showing the 
alitintheaperturo. xf. 
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to present day. Ex. F. craasa. Recent; F. graca. Coralline Crag 
to present day. 

Euomphalus. Shell depressed, discoidal or conical, with a 
wide and large umbilicus; whorls convex with a ridge on the 
upper surface. Aperture polygonal; outer lip with a slit on ita 
upper surface. Silurian to Trias; maximum in Carboniferous. 
Ex. B. perUanguiatua, Carboniferous Limestone. 

Poleumita (i=Horioatoma of some authors). Form similar 
to Exiomphaltia. Whorls ornamented with spiral keels and 
numerous transverse stris or fine ribs. Aperture without a slit. 
Common in the Silurian. Ex. P. diaoua, Silurian. 

Turbo. Shell solid, turbinate or conical, whorls convex, 
interior nacreous. Aperture large, circular, entire, lightly pro* 
duoed anteriorly: outer lip sharp. Columella curved, flattened. 
Imperforate, or with a small umbilicus. Operculxim thick, cal* 
oareoua, exterior convex, interior flat and spiral, nuoleiis central 
or sub-central. Jurassic to present day. Ex. T. marm^ratua, 
Recent. There are numerous sub-genera. 

Phaslanella. Shell elongated, ovate, smooth, polished, 
without an umbilicus, interior porcellanous. Whorls rounded. 
Aperture ovate, entire, rounded anteriorly, ang^Uar posteriorly; 
outer lip thin, simple, sharp. Columella smooth, flattened, with 
a narrow band of callus. Operculum calcareous, an exoen- 
trio nucleus. Upper Cretaceous to present day. Ex. P. attatralia. 
Recent; P. goaauica. Upper Cretaceous. 

Amberleya. Shell turbinate, elongate, without umbilicus. 
Whorls ornamented with several spiral keels which are usually 
spiny or nodular; between the keels are niunerous transverse 
stria or fine ribs. Bose rounded. Aperture sub-oval; outer Up 
often orenulated. Trias to Cretaceous (chiefly Jiirassio). Ex. A. 
omata, Inferior Oolite. 

Cirrus. Shell sinistral, conical or turbinate, or sometimes 
nearly discoidal, with a very large umbiUcus. Spire acute. 
Whorls irregular, ornamented with strong transverse nodular 
ribs and finer spiral ribs; last whorl large. Apert\ire rounded, 
entire. Trias to Inferior OoUte. Ex. C. nodoatta. Inferior OoUte. 

Trochus. Shell conical, whorls numerous and flat or slightly 
convex, spire sharp, interior nacreous; base flat or nearly so, 
angular at the periphery. Aperture entire, rhomboidal; outer 
Up sharp, oblique. Columella twisted,, with a prominent on* 
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tenor tooth*like protuberance or a fold. Operculum homy, 
multispiral, nucleus central. Trias to present day. Ex. T. nilo* 
ticu$. Recent. There are numerous sub'genera. 

Nerlta. Shell thick, solid, ovoid or semi>gIobose, without an 
umbUious; interior not nacreous, dpire very short, flat. Surface 
smooth, or with spiral ribs. Aperture semicircular, entire; outer 
lip tbiok, the interior generally denticulate; inner Up flattened, 
with callus, and a straight denticulate border. Operculum cal¬ 
careous, nucleus exoentric. Cretaceous to present day. Ex. 
iJ. ustuUUa, Recent; N. glcbota, London Clay euid Braoldoeham 
Beds. 

Theodoxus (ss^eritina). Form similar to Nerita. Shell 
relatively thin, usually smooth and with colour marking. Outer 
lip sharp, not thickened, with interior not denticulate; inner Up 
flattened, with sharp or finely denticulate border. Eocene 
(perhaps earUer) to present day. Lives in brackish or fresh 
water. Ex. T. concavua, Headon Beds; T. zebra, Recent. 


SUB-ORDER 2. PSCTINIBSANCHIA 

The gill is attached to the mantle throughout its length, and 
bears one row of plates only. There is no sign of bilateral 
symmetry in the circulatory, respiratory and excretory 
organs—only one kidney, one auricle, and one giU being 
present. 

Macrocblllna Macrocheilue). SheU elongate-oval, with 
sharp spire, and last whorl high. Surface smooth or with 
growth-Une. Sutures shallow. No umbiUous. Aperture ovate, 
angular behind, with a shallow anterior canal; outer Up thin, 
inner Up with a weak anterior fold. Silurian to Triaa. Ex. 
M. aroulcUa, I>evonian. 

Loxonema. SheU turreted, spire very long, consisting of 
numerous convex whorls; ornamented with sinuous growth- 
lines; sutures deep. No umbUicus. Aperture long, enlarged 
in front, with shallow canal; outer Up sh^, sinuous. Ordovician 
to Carboniferous; mainly Silurian. Ex. L. einuatum, SUunan. 
Pseudozygopleura, Eoptyehia, Microptyehie found in the Carbon- 
iferous, are alUed to Loxonema. 
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Pseudomelanla. Shell elongate, with many nearly flat 
whorls, without uinbilious, spire long, surface smooth or with 
growth'lines. Aperture oval, entire, rounded in front, narrhwed 
and angular behind; outer lip sharp. Cohtmella smooth. Trias 
to Cretaceous; common in Jurassic. Ex. P. heddingtonenaia, 
Corallian. 

Epltonium ( = £^calaria). Shell turreted, spire elongate; 
whorls numerous, very convex, only just in contact or slightly 
separated, ornamented with regular varices, frequently with 
spiral ridges also. Umbilicus more or less distinct. Aperture 
circular, entire, nmrgin thickened. Operculum homy, pauci* 
spiral. Jurassio to present day. Ex. E. $colaris, Recent; 
E. grcenkmdicum. Red Crag to present day. 

Archltectonica (= <Sofanum). Shell conical, depressed, angu¬ 
lar at the periphery. Aperture entire, sub-quadrate; lip sharp. 
Ornamented with spiral ridgee. Base flat. Umbilicus wide and 
deep, limited by a sharp edge which is generally crenulated. 
Operculiim horny, spiral. Jurassic to present day. Ex. A. per- 
spsetiuo, Recent; A . cemalieukUa, Barton and Brackleaham Beds. 

Purpuroldea. Shell thick, oval, spire rather short, last 
whorl inflated. Whorls step-like, flattened below the sutxire, 
with tubercles or spines at the angles. Aperture with a small 
notch anteriorly; outer Up thin. Inferior OoUte to Upper 
Cretaceous. Ex. P. nodxdatat Great Oolite. 

Llttorina. Shell thick, without a nacreous layer, turbinate, 
with few whorls, without umbilicus. Aperture rounded, angular 
behind, outer lip sheup. Columella flattened. Operculum homy, 
paucispiral. Lias to present day. Ex. L. litlerea, Red Crag to 
preeent day. 

Capulus. Shell thin, conical, with apex bent considerably 
backward and more or lees spirally inrolled; with fine radial 
ribs. Aperture rounded or irregular. Muscular impression horse¬ 
shoe shaped. Lower Paleozoic to present day. Ex.O.hungaricue, 
Coralline Crag to present day. 

Platyceras. Allied to Cqptdus; apical part usually more 
extensively coiled, dextral. Surface smooth, or with concentric 
strie, or radial folds or spines. Silurian to Carboniferous. 
Ex. P. comtOum, Silurian. 

Calyptrtea. Shell thin, conical, troohiform, spiral, apex 
Central; interior with a spiral plate under the apex and attached 
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at the periphery. Apertxure nearly circular. Cretaoeoxia to 
present day. Ex. C. ehinm»i»» Miocene to present day. 

Natlca. Shell oval, globular, generally smooth, spire short, 
last, whorl very large. Aperture semi.lunar or oval, entire; 
outer lip sharp, oblique; inner lip thickened with callus, not 
crenulate. Umbilicus preeent, partly covered by callus. Oper¬ 
culum of the same size as apertiire, homy or calcareo\is, pauci- 
spiral, nucleus exoentrio. Trias to present day. Ex. N. canrena. 
Recent: N. miUtpuncUUa, Coralline Crag to preeent day. There 
are numerous sub-genera. 

Xenophora (=PAort4s). Shell conical, low, with flattened or 
concave base; periphery of last whorl sharp. Surface with fine 
growth ridgee. Apertiue large, oblique, lower part concave, 
outer lip sharp end oblique. Umbilicus generally small and deep, 
sometimes partly or complete^^ closed by callus. Whorls 
flattened, covered with agglutinated foreign bodies. Cretaceous 
to present day. Ex. X. aggltUinans, Barton Beds. 

Vlvlparus (sPoludina). Shell thin, turbinate, with a thick 
perioetraoum; whorls convex, smooth or with faint ribs. 
Umbilicus very small or absent. Aperture entire, oval, slightly 
angular behind. Operoulxun homy with concentric striae, and 
excentrio nucleus. Inferior Oolite to preeent day. Lives in fresh 
water. Ex. V. Untus, Bembridge 

Turrltella. Shell without ximbilious, turreted with mamy 
flat or slightly convex whorls, ornament^ with spiral ribs and 
with striae of growth; spire very long and acute. Aperture oval 
or sub-quadrate, entire, outer lip thin, sinuous, slightly pro¬ 
duced in front. Operculum homy. Cretaceous to preset day. 
Ex. T. communis, Pliocene to present day; T. imbricatoria. 
Barton and Braoklesham Beds. 

Thiara (= Melania ). Shell with dark periostracum, elongate, 
turreted, with many whorls, without xunbilicus, apex sharp but 
usually corroded. Surface smooth, or ornamented with spiral 
and transverse striae, sometimes with tubercles or spines. Apot- 
ture oval, entire, narrow behind, pounded in front; outer Up 
sharp, slightly sinuous behind. Columella smooth. Operculum 
homy, oveJ, 8ub.spiral. Wealden to preeent day. I<ivee in fresh 
water. Ex. T. amonda. Recent; T. acuta, Bembridge Beds. 

Nerinea (fig. 132). Shell elongate, usually without an 
umbilicus, whorls numerous. Aperture sub • quadra n gular, oval. 
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or elongate, with a short anterior oanal; outer lip thin, with a 
posterior slit near the suture, which becomes filled, leaving a 


continuous band. Columella and also the 
interior of the whorls furnished with folds 
which are continuotis to the apex. Inferior 
Oolite toUpperCretaceous. 'Ex.N. dngenda, 
Inferior OoUte. 

Cerlthlum. Shell without an umbilicus, 
turreted, without periostracum. \Miorls 
numerous, neurow, the last whorl alwas^a 
much shorter than the spire; wi-th spiral 
ornament. Aperture oblong or semi-oval, 
with a short posterior oanal and a well- 
marked recxirved anterior oanal; outer lip 
more or less thickened and often somewhat 
reflected; columellar edge concave. Oper- 
oulum homy, oval, pauoispiral, with sub¬ 
marginal nucleus. Cretaceous to present 
day. Ex. C. adansoni, Keoent; €. mutabile, 
Barton and Bracklesham Be^ There are 
several sub-genera. CtriMvm in the re¬ 
stricted sense includes forms in which there 



is a strong ridge on the posterior part of the Fig. 132. Ntrintatra 
inner lip forming the inner boundary of the chea, partly sliced to 

posterior canal, the outer lip is expanded in the form ^ the 

. j V 1 • j j interior. Greet Oolite, 

front, and the whorls are provided with /promWoodward.) xf. 

varioca Ex. C. noditheum. Recent. 


Potamldes. Form similar toCenlAtttm. Shell with a brown or 


blMkish periostracum. Aperture rounded or sub-quadrangular; 
either with a fold in front or a very short and not recurved an¬ 
terior oanal; outer lip rather thin. Operculum circular, multi- 
spiral, with central nucleus. Lives in brackish water. Cretaceous 
to present day. Ex. P. lapidus. Eocene; P. lamarcki, Oligocene. 

Aporrhals. Shell fusiform, without umbilicus, whorls nume¬ 
rous, angular, spire elongate. Aperture produced in front into 
a straight or Curved canal. Outer lip expanded, thick, with an 
anterior ainuosity, lobed or digitate, the posterior process being 
attached partly or entirely to a part of the spire forming a oanal. 
Operculum small. Cretaceous to present day. Ex. A. pes- 
peitcont, Coralline Crag to present day. 
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Dlcroloma {ssAlaria). Siznilar to AporrhaU, but without & 
prooees from the outer lip attached to the spire, and without 
anterior ainuoeity. Jurassio and Cretaceous. Ex. D. ormata. 
Great Oolite. 

Strombua. Shell ovoid, ventricoae, tuberoulate or spiny, 
without umbilicus. Spire with several whorls. Last whorl very 
large. Aperture long, narrow, with a short anterior channel; 
canaliculate posteriorly; outer lip expanded, wing<like, thick, 
often lobed behind, with a sinus near the anterior margin and 
at the posterior end. Inner lip with callus. Operculum small, 
homy, claw-shaped, with serrated edge. Eocene to present day. 
Ex. S. pxtgilU, Recent. 

Tibia {•^RoauUarxa), Shell fusiform, spire elongate, com¬ 
posed of noany whorls, which are smooth or faintly ribbed. 
Aperture oval, with a long straight or slightly curved anterior 
canal, and a posterior canal applied to the spire; outer lip 
expanded, with tooth-like processes, and an anterior bay. Oper¬ 
culum small, oval or claw-shaped, edge not serrated. Eocene to 
present day. Ex. T. ewta, Recent; T. /ucufa, London Clay, 
etc. 

Hippochrenes. Similar to Tibia, but outer lip more 
expanded and wing-like and extending up to, or nearly to the 
apex; its margin without tooth-like processes. Upper Creta¬ 
ceous to Oligooene. Ex. H. amplua. Barton Beds. 

Rlmella. Similar to Tibia, but with cancellate orna¬ 
mentation; outer lip but little expanded, reflected outwards; 
posterior canal reaching nearly to the apex of the spire; anterior 
canal shorter. Eocene to present day. Ex. B, rimo^a. Barton 
Beds. 

Cyprea. Shell ovoid or elongate, convex, convolute, surface 
covered with shining enamel. Spire almost or quite concealed 
by the last whorl. Aperture oblong and narrow, as long as the 
shell, with a short canal at each end; outer lip inflected and 
orenulated; inner lip crenulated. In tlie young form the outer 
lip. is thin and the spire prominent. Eocene to present day. 
Ex. C. mappa. Recent; C. ovt/crmt>, London Clay. Trivia 
is similar but smaller and with transverse ribs. Eocene to 
present day. Ex. T. aurop<Ba, Recent. 

Gymatlum (fig. 130). Sh^l tliick, oval, or fusiform. Spire 
elongate, with varices which are continued over a few whorls 
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only. Aperture with a posterior notch, and a abort, slightly 
curved anterior canal; outer lip thick, crenulate internally; 
inner lip with callus and usually with folds. Eocene to present 
day. Ex. 0. femorah, Beoent; C. {Lampueia) corruffotum. 
Recent. 

Bucclnum. Shell ovoid or elongate, without an umbilious. 
Spire of moderate length; last whorl large. Whorls convex, with 
small spiral ribs crossed by transverse folds. Aperture oval, 
large; outer lip simple, thin; anterior canal short, tru n cated, 
a little reflected; inner lip a little sinuous, with callus. Oper¬ 
culum small, oval or oirouls^r. Pliocene to present day. Ex. 
B. undatum. Coralline Crag to present day. 

Liomeaus {^BuccinopM). Spire shorter, and whorls less 
convex in Buccinum; without transverse folds. Eocene 
to Recent. Ex. L. dal«i, PUooene and Recent. 

Naasariua (s^osm). Shell solid, ovate, elongate, without 
umbilicus, ufeuidly with transverse and spiral ornament. Aper¬ 
ture oval, pointed behind, with a very short refleoted anterior 
canal; inner lip with callus, refleoted on to the last whorl; 
outer Up thick, crenulate internally. Colximella truncated, pro¬ 
vided with ah oblique fold in front. Upper Cretaceous to present 
day. Ex. N. muiabilis. Pliocene and living. 

Chrysodomus Neptunea). Shell soUd, fusiform, spire 
more or elongate; sometimes sinistral. Whorls rounded, 
smooth or with spiral lines. Aperture oval; outer Up simple, 
tnnftr Up smooth; anterior canal short, sUghtly twisted. Oper- 
ouliun homy, unguiculate. Eocene to present day. Ex. C. anti’ 
quu$. Bed Crag to present day. 

Slpho. Shell more slender, whorls less convex, and aperture 
narrower than in Chrysodomus. Pliocene to present day. Ex. 
S. gracils. Red Crag to Recent. 

Thais {siPtirpura). SheU tuberoulate, striated or lamellar, 
without varioes. Spire rather short, last whorl large; no 
umbilicus. Aperture oval, large, with either an anterior notch 
or a short oblique anterior canal, and a posterior notch or 
groove. Columella flattened, with caUus. Operculum lamellar, 
nucleus marginal. Miocene to present day. Ex. T. persica, 
Recent Sub-genus Nucelia, with rather longer spire, distinot 
anterior canal, and spiral ribs. T. (Nucslia) tapiUus, Red Crag 
to present day; T. (A^.) tetragona, PUocene. 
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Murex. Shell thick, oval or elongate, epire prominent and 
sharp; whorls convex, each carrying three or more varices, 
which may be spiny, foliaoeous, or tubercular. Aperture ovate; 
anterior canal more or less long, straight or curved, narrow and 
tubular, often nearly closed; no posterior canal; outer lip thick, 
inner lip smooth. Operculum oval, nucleus aub-apioeU. Eocene 
to present day. Ex. M. brandaria. Recent; M. frondoaua, 
M. tnoorino/us (osper). Barton Bods. 

Typhis. Similar to Afurex; small, with hollow spines; 
anterior canal short and completely closed. Eocene to present 
day. Ex. T. jntngtt%t. Barton Beds. 

Fuslnus {siFueua). Shell without umbilicus, narrow, 
fusiform, elongate; spire sharp, with many rounded whorls. 
Ornament of spiral ribe and transverse ribs or folds. Aperture 
oval; outer lip simple, thin, interior often striated. A long, 
straight, narrow anterior canal, not closed. Columella smooth, 
without folds. 0|>erculum oval. Cretaceous to present day. 
Ex. F, oolua. Recent; i^. porrectus. Barton Beds. 

Clavilithes {^ Clavella). Shell thick, usually large, fusiform, 
nearly smooth (except the earlier whorls, which have transverse 
and spiral ribs). Whorls often with a posterior carina near the 
suture. Aperture pyriform, channelled posteriorly, with a long 
straight anterior canal; outer lip thickened poeteriorly. Last 
whorl contracting rapidly in front. Eocene to present day. 
Ex. O. longmvua. Barton Beds; C. pariaianaia, Middle Eocene. 

Mitra. Shell fusiform, thick. Spire elevated, summit acute. 
Aperture narrow, elongate, with a wide and deep notch in 
front. Columella with four or live oblique folds, becoming 
stronger posteriorly; outer lip not reflected, thickened, but not 
grooved internally; inner lip with callus, thick in front. No 
operculum. Eocene to present day. Ex. ilf. ^iscopolts. Recent; 
M. fxtaijtmnia, Miocene; Af. {Mitraola) labnUula, Braeklesham 
Beds. 

Voluta. Shell thick, ovate, with short spire and turbinate 
• protoconcli. Last whorl very large; on the posterior pert ore 
nodules or spines which are continued anteriorly as transverse 
(or axial) ribs. Aperture elongate, rather narrow, with an 
angulu* channel at the posterior end; broad, and deeply notched 
at the anterior end; outer lip thick; inner lip with thin callus. 
Columella with several transverse, only slightly oblique folds, 
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of which the four or five anterior are strong eind nearly equal, 
and the posterior two or three are smaller. Eocene to present 
day. Ex. V. muriea. Recent; V. mtmcalig, Eocene. 

Volutospina. Shell fusiform, with rather short, conical 
spire; protoconch small, with sharp apex. Last whorl very 
larp, tapering anteriorly. Whorls'step-like owing to the pos¬ 
terior part being flattened or concave; at the angle of the whorls 
is a row of spines (usually prominent) which are prolonged 
anteriorly as transverse (or axial) riba; the latter are usually 
crossed by spiral ridges. Aperture elongate; at the posterior 
end one channel at the suture, another at the level of the row 
of spinea; anteriorly the aperture is truncated and slightly 
notched. Outer lip usually thin; inner lip with thin callus. 
Ck)lumella with four or five very oblique folds, of which the 
anterior ari stronger than the posterior. Upper Cretaceous to 
present day. Ex. V. spinoso, Eocene; V. luetatrix, Barton Beds. 

AnclUa (sAnciflorta). Shell smooth, oval or oblong; last 
Whorl large; sutures usually covered by callus. Aperture 
elongate, broadening anteriorly, with a small notch near the 
suture, and a deep sinuosity at the anterior end which is 
truncated; columella with callus posteriorly, twisted in front, 
and with folds anteriorly. Cretaceous to present day. Ex. 
A. buccinouUt, Bracklesham, Barton, and Headon Beds; 
A. cinixamonea, Recent. 

Turrit ( — Pleurotoma). Shell tiureted, fusiform, spire long 
and sharp, last whorl long. Aperture ovsJ, elongate; outer lip 
curved, with a deep slit at a short distance from the suture; 
inner lip smooth. Anterior canal long, straight, narrow. 
Columella without folds. Operculum homy, ovate, acute, 
nucleus apical. Upper Cretaceous to present day. Ex. T. lxiby- 
Ionia, Re^nt; T. undala, Bracklesham Beds. There are nume¬ 
rous sub-genera. 

Conut. Shall conical, generally smooth, the last whorl 
enveloping the greater part of the preceding whorls. Spire 
short, flattened or oonic^, with many whorls. Aperture long, 
narrow, stmight, with parallel or sub-parallel borders, ending 
anteriorly in a truncated canal; outer Up thin, simple, no folds 
or teeth, notched at the suture. Columella straight, smooth. 
Operculum horny, much smaller than the aperttire. The outer 
shell is thick, but the inner pturts of the whorls become resorbed 
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and very thin. Upper Cretaceous to present day. EJx. C. mar- 
moreue. Recent; C. deperditus, Brackleeham Beds. There are 
ntimeroue sub-genera. 

Conorbls. Biconical, with elevated spire. Outer Up arched, 
with a sinus near the suture. Eocene and Oligocene. Ex. 
C. dormitor. Barton Beda 

The Heteropoda are a group of khe Prosobranchiata which 
have become modified for a pelagic mode of life. The foot 
is laterally compressed so as to form a vertical fin. A shell 
may be absent, but, when present, it is always thin and 
light. Only a very few forms have been found fossil. 

ORDER II. 0PI8TH0BRANCHIATA 

The visceral nerve-cord (ezoept in a few genera, e.g. Acieon) 
is a simple, untwisted loop. One gill only may be present, 
but is absent in some forms. The gill is placed behind the 
heart; there is one auricle only, which is behind the ventricle. 
An operculum is generally absent. All the Opisthobranchiata 
are marine; they are divided into two groups: 

(1) the M'udidrancAia, in which there is no mantle, no gill, 
and no shell in the adult. No examples of this division have 
been found fossil; 

(2) the TectibrancAia, which usually possess a mantle, a 
shell, and a true gill. The following genera are examples of 
the Tectibranohia. 

Acteon. Shell oval, ornamented with spiral pitted etrie or 
grooves; spire prominent, conical, sharp. Aperture elongate, 
rounded in front; outer Up sharp; columella with one strong, 
sUghtly obUque fold at the anterior end. Cretaceous to present 
day. Ex. A. tomatilis, Coralline Crag to present day. 

Avellana. Shell globular, ornamented with spiral strieo or 
grooves; spire very short. Aperture semi-lunar, curved, entire; 
outer lip much thickened, reflected externally, dentate in- 
temaUy. Inner Up thickened, with two or three prominent folds. 
Cretaceous. Ex. A. incrassafa. Upper Greensand. 
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Bulla {^BuUaria). Shell solid, smooth, sub-globular or 
ovoid, convolute. Spire concave. Aperture as long as the last 
whorl, rounded at both ends, wideet in front; outer lip sharp. 
Inner lip with callus. Cretaceous to present day. Ex. B. am- 
ptUla, Becent; B. glcbiUu$, London Clay and Bracklesham Beds. 

The Pteropods are pelagic Opisthobranchs in which the 
foot is modified to form two lateral wing-like fins, and the 
head is not well marked. The shell is conical, um-Iike or 
spirally coiled, but is absent in some forms. Pteropods occur 
in large numbers near the surface in the open ocean, 
especially in warm regions; and their shells, which are thin 
and transparent, form a considerable part of the ^pteropod 
oozo'—one of the deep-sea deposits found in parts of the 
Atlantic Ocean. They are regarded as specialist members 
of the Tectibranch group which have become adapted to a 
pelagic mode of life. 

Living families of Pteropods, represented mainly by 
recent genera, occur in the Upper Cretaceous and Tertiary 
formations, but are not known from earlier deposits. In the 
Palseozoic formations, however, numerous fossils, which have 
been regarded by various authors as Pteropods, are found. 
Thus in the Silurian and Devonian rocks large numbers 
of small conical smooth shells, which closely resemble the 
living Styliola, occur, and may be the remains of Pteropods. 

H^Uhes (6g. 133), ConvJaria, TentaculUes, SaUereUa and 
other allied genera are also found in the Palaeozoic, beginning 
as far back as the Cambrian and Ordovician. Their shells, 
however, are larger and thicker than those of living Ptero¬ 
pods, and in Convlaria they were, in some cases, attached 
by the apical end. Some writers have suggested that these 
Palaeozoic genera are allied to primitive Cephalopoda, since 
sept* are sometimes present in the shell and possibly also 
a siphuncle. The discovery by Walcott of the presence of 
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wing-like fine in speoimenB of HydlUhe^ from the Middle 
Cambrian supports the view that that genus is really a 
Pteropod; if that is confirmed it follows that the Pteropods 
are the oldest group of the Opisthobranchs and cannot have 
been derived from the later Opisthobranchs which arc not 
known before the Carboniferous period. Conularia is con¬ 
sidered by Kiderlin to belong to the Scyphozoa (p. 78). 

HyoUthes (=sTAeca) (fig. 133). S1 m»] 1 calcareous, straight, 
rarely curved, pyrsmidal: its section triangular, elliptical, aemi- 
elliptical or nearly circular; surface smooth 
or striated; posterior part sometimea 
crossed by septa. Aperture with an oper¬ 
culum. Cambrian to Permian. Ex. H. 
tlegans, Ordovician. 

Conularla. Shell thin,formed of chitiii, 
more or less impregnated with lime; gener¬ 
ally straight, pyramidal, with four Hides; 
each angle of the pyramid with a straight 
groove; ee^h lateral face may have a 
median longitudinal groove. Apical part Fig. 133 . HyolUhu txom 
of shell sometimes with a few convex the Cambrisn, showing 
septa. Surface smooth, or ornamented the npemilum. x|. 
with numerous tremsverse, parallel, angu- 
lated ridges, and sometimes with longitudinal ridges. Aperture 
partly closed by incurved triangular lobes. Ordovician to Liax. 
Ex. C. quadrituJeata, Carboniferous. 

Tentaculites. Shell oalcareous, thick, solid, in the fonn of 
a greatly elongated cone, straight or sllghtl.v curved, with 
circular section; apical part with septa, its end often with a 
vesicular enlargement. Surface provided with prominent, trans¬ 
verse, parallel rings, and with transverse and longitudinal striie. 
Ordovician to Devonian. Ex. T. anglicua, Bala Beds. 

Other genera, which appear to be allied to the preceding, are 
Hyolitheliua, SaUereila, and CoUolu* from the Cambrian. 
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ORDER ni. PULMONATA 

The mantle-cavity is modified to form a lung and there is 
no gill. The visceral nerve-cord is an untwisted loop. An 
operculum is nearly always absent in the adult. The Pul- 
monata are mainly land and fiesh-water forms, and are 
hermaphrodite. They appear first in the Devonian. 

Llmnaa. Shell spiral, thin, homy; last whorl very large, 
rounded; spire sharp. Aperture large, oval, rounded in fiont. 
Columella more or lees twisted. Peristome sharp, entire. Pur- 
beck Beds to present day. lives in fresh water, ^x. L. rtagnalU, 
Pliocene to present day; L. fvijcrmii, Headon Beds. 

Planorbls. Shell discoidal, sinistral, homy, whorls numerous. 
Aperture oblique; peristome simple, sharp. Jurassic to present 
day. Fresh water. Ex. P. comsus, Red Crag to present day; 
P. {Ptanorbina) ewmp?uilus, Headon Beds. 

Helix. Shell variable—conical, or globular; smooth except 
for^ growth-lines; with or without an umbilicus; aperture 
oblique, sli^tly higher than wide. Peristome simple or re¬ 
flected. Eocene to present day. Lives on land. Ex. H.pomatia. 
Recent. There are numerous sub-genera. 

Distribution of the Qusieropoda 
Some of the Gasteropoda live on land, others in fresh 
water, but the majority are marine; they ore found in the 
seas of all parte of the world but are especially abundant 
in warm regions and in comparatively shallow water. A few 
forms can exist both on land and in water, t.g. AmpvXUtria, 
which commonly lives in lakes and rivers, and is also found 
on land. Some marine genera, such as LUtorina, CtrUhium, 
and Thais {Purpura), are able to hve in fresh as well as in 
salt water; on the other hand some fresh-water forms are 
at times found living in the sea, e,g. Limneea, Thtodoxus 
(.yerifino), BUhynia, and PJancrbis; this is especially the 
case in places where the water is less salt than the main 
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mass of the ocean, aa for instance in the Baltic, where we 
find the genera just mentioned living side by side with 
LiUorxna and with the marine lamellibranchs Cardium^ 
TeUiwit and Myo,. The Opistbobranchiata are entirely and 
the Prosobranohiata mainly marine. Nearly all the Pul- 
monata are found on land or in fresh water. 

In this place a few words may be said with regard to the 
distribution of the marine MoUusca generally. 

These may be divided into two groups belonging to the 
Plankton and the Benthos respectively. 

The Plankton includes animals which swim or fioat either 
near the surface of the sea or at various distances below it, 
among the MoUusca the chief forms are the Pteropods, the 
Heteropods and a few other Gasteropods, as weU as many 
Dibranchiate Cephalopoda; the shells in these are either 
thin and light or altogether wanting. The geographical 
distribution of the species which live near the surface is 
determined mainly by the temperature of the water. 

The Bcniho9 includes ft.nimfl.lii which <u:e fixed to the sea 
floor or live crawling on it or swimming just above it. The 
distiibution of the MoUusca in depth depends on the depth 
of the sea and the accompan}dng changes in temperature, 
pressure, light and other physical conditions. The Benthos 
may be divided into: 

(1) The XAUoral zone, which extends between high and 
low water marks and is consequently inhabited by ftnimft.lfl 
which can Uve exposed to air for periods each day. In the 
European seas this zone is characterised by the abundance 
of the genera lAUorina, Trochua, PaUUa, Hydrobia, Haliotia, 
Fiaaurdla, 86Un, Mya, Donaz, Cardium. 

(2) The Continenial shelf. This includes the gradual slope 
from the low water-mark down to a depth of 100 or some- 
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^68 m fathoms, and extends to a distance of horn 20 to 
200 mj^ from land. It is on this part of the sea floor that 
inmost of the temgenous deposits are laM down. The character 
of the moUuscan fauna is influenced largely by the nature 
of the sediment on the sea-bottom, some genera {e.g. Mva 
ScrobKuiana, Lutraria) being found especially on muddy 
bottoms, others (e.g. Naiica, TurriUUa, Cypnia, CanUum) 

on sandy, and yet others (e.g. Bwdnum, LiUorina, PaUUa 
Area) on rocky. ' 

The upper part of the continental shelf from low water 
down to about 16 fathoms is known as the Laminarian 
It 18 characterised by the great abundance of algss 
(.Uminona. etc.) which afford food for numerous phyto¬ 
phagous moUuscs; it is the region into which sunUght 
I^netrates freely, the action of waves is felt, periodic 
changes of temperature occur, and the saUnity is reduced 
owing to the drainage of fresh water from the land In 
^e European seas some of the commonest genera are 
Trochiui, Nassaria, Jiissoa. Ostrea. Nudibranchs are also 
very numerous. 

^low the Laminarian zone the conditions become more 
uniform and less liable to sudden alteration. The changes 
m temperature are gradual, and seasonal rather than diurnal • 
the salinity is more constant, and light diminishes graduaUv 
with merwsing depth and with it vegetation decreases. At 
a depto of about 100 fathoms (the lower limit of the conti¬ 
nental shelf) the finer terrigenous materials ore deposited 
forming what is known as the ‘mud-line’-a rich feeding 
ground for animals. ® 

The part below the Laminarian zone down to a- depth 
of about 25 fathoms is known as the zone o/ NuUiporJor 
Combines on account of the numerous calcareous aJg® 
(CorallinaoeiB), and is characterised by the abundance of 
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TurrU, Frtainus, Chryaodomtis, Bucdnum, Natica, Exdima, 
Venus, Dosinia, AstarU, Nucula, Area, Lima, Peeien. 

Below this is the zon«Q/ Brachiopodaanddeep-seaCorals 'fOS 
Europe OcuHtuz is the common coral; Brachiopods and Poly- 
zoa are abundant. Some of the chief molluscs are TurriteUa, 
0do8tomia,De7Ualium,TeUina,Cuspidariai = Nea^), Yoldia. 

(3) The Deep Sea and Abyssal Region begins at the edge 
of the continental shelf with the relatively steep * continental 
elope’ extending down to about 500 fathoms, followed by 
the more gentle slope to the great deeps of the oceans. In 
this region light, except in the shallowest parts, is absent, 
the temperature is very low and nearly uniform at any one 
spot, currents are not felt, and the pressure of the water 
becomes very great. The only variation of importance is in 
the nature of the sediment which consists of fine ooze. The 
number of animals decreases with the increase of depth. 
The shells of the molluscs are mostly thin, colourless, 
transparent and of small size. Scaphopods are numerous; 
other common forms are Turns, Fusinus, Acieon, Scaphander, 
Philine, Area, Nucuia, Limopais, Nuculana, Lima, Peeien. 

Owing to the relative uniformity of the physical oondi* 
tions the geographical distribution of the deep-sea species, 
although not imlimited, is greater than the range of the 
species which live on the continental shelf, especially on its 
shallower parts. 

Of the MoUusca which live in shallow water or at moderate 
depths some few species have a very wide or almost oosmo* 
poUtan distribution, but the majority have a more limited 
range. In studying the geographical distribution of these 
MoUuscs it is found that a number of areas or provinces can 
be recognised, each of which is characterised by the abun¬ 
dance of certain genera and species, and by the presence 
of some species which are either confined to that province 
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or rarely found to extend beyond it; so that the general 
assemblage of molluscs found in each province possesses 
characteristic features. Two neighbouring provinces are not, 
as a rule, separated by a sharp boundary, and but few genera 
are confined to any one province. In the European and 
Northern Atlantic region the chief provinces^ are: the 
Ardic, which includes the polar seas and extends as far 
south as the north coast of Iceland and the North Cape on 
the east of the Atlantic and to the shores of Newfoundland 
on the west; the Boreal, extending from the last down to 
near southern end of Norway and including Iceland 
(except the north coast), the Faroe Islands and perhaps the 
Shetland Islands, and the American coast from the Gulf of 
St Lawrence to Cape Cod. The occurrence of the Boreal 
fauna on both sides of the Atlantic is accounted for by the 
former existence of a shallow coastal region across the North 
Atlantic along which this province was at that time con¬ 
tinuous ; the CeUic, including the coasts of Southern Sweden, 
the Baltic, Denmark, Northern France and the British Isles, 
and the Luaitanian, comprising the coasts of the Bay of 
Biscay, Portugal, the Mediterranean, and North-west AMca, 
including the Azores, the Canaries and Madeira groups. 
Altogether some nineteen provinces have been recognised, 
and these may be grouped into larger regions. 

The chief barrier to Uie geographical extension of species 
is temperature, and consequently their range is influenced 
largely by the warm and cold currents in the surface waters 
of the sea. An example of this is seen in the North Atlantic 
where, owing to the cold Labrador current, the Arctic 
province extends much further south on the American coast 

* Foe t m»p of the provinces eee Woodward's Manual of the MoUueea, 
or Fiechec’s Manual de ConehvUolooie, or A. M. Davies* Tertiary Faunae. 
vol. u, 1634. 
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than on the European; similarly, owing to the Gulf Stream 
drift the Boreal prorinoe is found further north on the 
European side than on the American. Another striking 
instance of the influence of currents is seen off South Airica; 
the warm water molluscs of the West coast are separated 
ih>m those of the East coast by the cold water of the Ant* 
arctic drift which flows to the coast of Cape Colony, forming 
a barrier between the West A^can province and the Indo- 
Padflc province, thus causing the Cape province to have a 
special moUusoan fauna. 

The distribution of shallow-water molluscs is also inter¬ 
rupted by the presence of a wide and deep ocean. Thus 
the fauna of the Indo-Pacific province which extends from 
East Africa along the coasts of the Indian Ocean to the 
Malay Archipelago, Northern Australia and the islands of 
the Pacific as far as 108° W., is prevented firom reaching the 
American coast by the deep and broad Pacific Ocean. 

Some species of molluscs which live in shallow water in 
cold regions are found to extend to temperate or tropical 
r^ions in deeper water where a similar temperature occurs. 
A few species are independent of both temperature and 
depth; thus Venus metodtsma was found on the shoree of 
New Zealand at 55° F., and was dredged in 1000 fathoms 
at 37° F. off Tristan da Cunha. 

In the Palssozoic and Mesozoic formations gasteropoda 
are generally less abundant than lamellibranchs, but they 
exceed them at the present day. The earliest forms occur 
in the Lower Cambrian Beds. Throughout the Palseozoic 
formations the holostomatous Prosobranchiates are the pre¬ 
dominating forms; no gasteropoda with a well-developed 
canal are known to ocour until the Trias is reached, but 
siphonostomatous genera become fairly abundant in the 
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Oolites, they increase still more in the Cretaceous, and in 
the Tertiary they are the principal forms. The Heteropoda 
arc reprosented by a few forms only, the first occurring in 
the Miocene. The Opisthobranchiata range from the Carboni¬ 
ferous to the present day; they are moderately well repre¬ 
sented in the Jurassic and Cretaceous formations, and 
become more abundant in the Tertiary. Pteropods belonging 
to living types are found in the Upper Cretaceous and later 
formations, and earlier forms which may belong to this 
group occur in the Palaeozoic. Marine forms of Pulmonata 
appear first in the Devonian; non-marine forms («.g. AiUhra’ 
copujta) are found in the Carboniferous, but are rare until 
the Purbeck and Wealden periods, and become abundant 
in the Tertiary deposits. 

The most important genera of Gasteropoda found in the 
different systems are: 

Cambrian. SemeUa, StraparoUina, Ophil^, Sienoth^ca. 

Ordovician. CryU^teSy SinuiUi, HoU^aa, Raphiatoma, Cydo- 
n«ma, Madurta, Svhvlites. 

Silurian. ' Pleurou>maria\ BdUr<rp}i(m, Poleumita, Holopaa, 
Cyd<yn«ma, HolopeUa, Platyceras. 

Devonian. ‘Pl«ufotomaria\ Mxtrehiaonia, BelUrophon, £,<>xO‘ 
netna, Extomphaltu, Macrochilina, Capultta. 

Carboniferous. Metoptoma, 'Piet4roU>maria\ Murchiaonia, 
Bdkrophon, Lewm^ma, Buomphalua, Naticopaia, Maerochilinay 
Capulm. 

Permian, PUunttomaria, Murchiaonia, Ijoxonama, Macro- 
chtftna. 

Trias. PteMrototnorio, H'ortAenia, Murchiwnia {Chailoloma), 
lAKconema, Naticalla, NcUioa, Promathitdia. 

Jurassic. PUurotomaria, AmberUya, Cirrua, Trochua, Natica, 
Pseudome2ania, Bourguetia, iVsrinsa, Cerithittm, Dicroloma 
{^Alaria), Malaptera, Pxtrpitrina, Purpuroidea. 

Cretaceous. PkuroUmiaria, Archittetoniea (ss Solarium), Tur- 
ritdla, Natica, Vivipartu, Ctrithium. Spitonium {^Scala), 
Aporrhaia, Dicroioma {sAlaria), Avdlana. 
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Eocene. Xen^Acro, Calyptraa, Naticoj Melortatria, Turri’ 
uUa, Cer^ium, Tibia {^RosteUaria), Hippochrene$, RimeUat 
Aporrhai$t Cypraa, Comm, OaUodea, Cymatium, i^tmnue, 
ClavUithea, SycoMoma, Pisania, Pious, Afurox. Typhis, Voluia, 
Voluiospina, Volutilithes, OUva, AnciHa. Turris (^PUurotoma), 
Conus, Conorbis. 

OUgocene. Nsrita, Thsodoxus, Natioa, Viviparus, Mtlania, 
Msiaiwpsis, CsrUhium, Potamidss, Murtx, Fusinus, AnctUa, 
Turns, Limnaa, Planorbis, Rissoa, Hdix, Amphidromus. 

Miocene. Trochus, Calyptroea, Crspiduia, AmpuUina, Xeno- 
phora, TurritsUa, Tsrebralia, Strombus, Pious, Cyprcsa, Ooinsbra, 
Buthriofusus, Tudida, Conomitra, Scaphslla, AnciUa, Oliva, 
Terebra, Conus. 

Pliocene. Bnu^yinula, FissursUa, Trochus, Epitonium, Tur^ 
ritsUa, Natiea, lAUorxna, Capulus, Cerithium, Aporrhais, Trivia, 
Buceinum, Liomssus (^Buednopsis), Sipho ( = TritonoJusus), 
Chrytodamvs, Nassaria, Thais, Trophon, ScaphsUa, Aetson. 


CLASS m. SCAPHOPODA 

The Scaphopoda include only a few genera, which in aomo 
respects resemble the lamellibranchSj and in others the 
gaateropods. The body is elongated in an antero-posterior 
direction, and is bilaterally symmetrical. The mantle is 
nearly cylindrical, sinoe its right and left margins are united 
ventrally; the mantle-cavity is open at both ends. The 
mantle secretes a nearly straight or slightly curved tubular 
shell which is also open at both ends, and gradually increases 
in width from the posterior to the anterior end; the concave 
side is dorsal. The foot is elongated and cylindrical; it can 
be protruded through the larger (anterior) aperture of the 
mantle and shell, and serves as a burrowing organ. The 
animal is attached to the posterior part of the shell by means 
of a muscle; an odontophore is present, but the head is rudi¬ 
mentary, and eyes, gills, and heart are absent. The sexes 
are separate. All the scaphopoda are marine, and they 
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usually live buried in sand or mud, with only the small 
posterior extremity projecting into the water 5 they range 
from the shore-line down to a depth of 2500 fathoms j only 
a few occur in the littoral zone, the majority being found in 
deeper water. The earliest forms are found in the Ordovician 
rocks. 

Dentallum. Shell oonicai or sub-cylindrical, tapering pos¬ 
teriorly, slightly curved. Anterior aperture simple, oiroidar; 
not constricted; poeterior aperture smaller, without a fissure. 
Surface ornamented with longitudinal striss or ribs. Eocene 
to preeent day. Ex. D. elephantinum. Recent. Forms closely 
allied to DenidUum occur in many Palteozoic and Mesozoic 
formations. 

CLASS IV. CEPHALOPODA 

The Cephalopoda are entirely marine and are more highly 
organised than other molluscs; well-known living forms are 
the cuttle-fish, the squids, the paper-nautilus and the pearly 
nautilus, whilst amongst extinct types are belemnites, am¬ 
monites and goniatites. Existing forms are always bilaterally 
symmetrical. The bead is well marked and is separated from 
the body by a constriction; it is especially characterised 
by the presence of a circle of arm-like or lobe-like processes 
around the month (fig. 134, e, /); these processes are pro¬ 
vided either with sucking-discs or with tentacles, and are 
used for seizing food, and in locomotion. Behind the head 
is a muscular tube termed the funnel (d), which opens in 
6 ‘ont to the exterior, and behind into the mantle-cavity (c); 
this may be either a perfect tube or may be formed by the 
apposition of two trough-like lobes. The arms around the 
mouth have been regarded as part of the foot, and the 
funnel as representing the remainder of it. The name 
Cephalopoda is due to the view that the fore-foot has grown 
round the mouth and is divided up into arms or lobes. 
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On the upper surface of the head there are two large 
e}^8, which, except in Nauixlus, are almost as highly 
developed as in vertebrate animals. The mantle is formed 
by a single fold of the skin, which passes quite round the 
body; on the upper or dorsal surface the fold is very shallow 
so that the mantle-cavity exists mainly on the under surface. 
The feather-like gills (p) are placed in the mantle-cavity; 
in the Dibranchs (cuttle-fishes, etc.) there is one pair, in 



of * ▼erticsl msdUn antcro pcwtorior McUon of Stpia 
offianalit. o, abell; t, mouth of maotls-caritymantle-cavity; <<, funnel; 
t, arae; /, long arm; g, the upper beak or jaw; A, the lower beak or jaw; 
I, odontophore; k, the viecero-pericardial aac; 1, the nerve-collar; m. the 
crop; n, the gizzard; o, the anua; p, l*a gOl; q, ventricle of the heart; 
r, renal glandular maaa; a, left nephridial aperture; t, viaoero-pericatdial 
aperture; u, branchial heart; v, ink-aac. (After Lankeater.) 

Naidilus there axe two. Water flows in at the sides of the 
mantle-cavity, and can be forced out through the funnel by 
means of the contraction of the walls of the mantle-cavity. 
In the Dibronchiate CJephalopods there is a gland, known as 
the inJc-Mc (w), which secretes a black fluid (sepia); the duct 
from this gland opens with the anus (o) into the mantle- 
cavity; the ink is ejected at times and passes out through 
the funnel, rendering the water cloudy, and by thia means 
facilitating the escape of the animal from its enemies. Just 
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within the mouth there are two jaws (p, h) which have the 
form of a parrot’s beak, and are either homy or calcareous. 
An odontophore (») is also present, but the arrangement of 
the teeth is less variable than in the gasteropoda, and is of 
little value for systematic purposes. 

The heart consists of a median ventricle ( 9 ), and of lateral 
auricles, which are either two or four in number, according 
as there are two or four gills. The nervous system is remark¬ 
able in that Ihe ganglia are close together, forming a central 
mass ( 0 ; one part is placed above the oesophagus, and is 
connected by cords with the other part beneath it. This 
central nervous system is covered by a cartilaginous ring 
and gives oS nerves to the arms, viscera, etc. The sexes of 
the Ceph^opods are always separate, and show external 
differences. In some genera there is no shell; but when 
present it may be external (fg. 135) or internal (fig. 134, a); 
in the latter case it is usually placed in a sac formed by folds 
of the mantle on the dorsal side. The Cephalopoda are 
divided into three Orders: (1) Nautiloidea, (2) Ammonoidea, 
(3) Dibranchia. The first and second are sometimes grouped 
together os the Tetrabranchia. 


ORDER I. NAUTILOIDEA 

In Palieozoio times the Nautiloid Cephalopods were very 
abundant, but at the present day the only representative 
of the group is NatUUris (fig. 135). This possesses two pairs 
of gills, and two pairs of auricles; no ink-sac is present; 
and the funnel (fig. 135, 0 ) is not a complete tube, but is 
formed of two separate parts. Around the mouth are 
numerous lobe-like processes which are given off from the 
margin of the head; these represent the arms but do not 
bear suckers, as is the case in the Dibranchs, but tentacles (s) 
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which can b« retracted within sheaths. The hood (fig. 136 2 ) 
w a structure formed by the enlargement of the outer lobe’of 
the ^t and serves to close the aperture when the animal 
withdraws into the shell. The jaws are calcified and are not 
uncommonly found fossil. The eyee are of simple structure, 
consisting of a hollow chamber with a pin-hole opening 
without lens or cornea. 


9 



Fig. 136. yauHbu pompiliua. H»lf the «heU has been romoT®d. 1. kat 
complsted ohamber; 2, hood part of foot; 3, afaoll muaole; 4, mastlo. cut 
•way to expoM tb« ey« (6); 6. outer wail of •bell; 7. aiphnocle: 8. tenUclo- 
boMlng lobM of foot; W, fuimel. (After Oiaham Kerr.) x 

A shell is present in all Nautiioids and is always external; 
it consists of a tube, which tapers to a point at one end[ 
and may be straight, arched, or spiral. In the spiral forms 
the whorls may be separate, or in contact throughout; com¬ 
monly they are all in one plane, but in some cases they 
form a helicoid spiral. In some genera with spiral shells the 
whorls only just touch, but in others the later whorls partly 
or entirely overlap the earlier ones. Sometimes, as in 
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LUuiUs and Discitounu, the later pait of the ahell becomes 
straight and separated from the spiral part. 

The interior of rite shell, unlike riiat in most gasteropoda, 
IS divided into a number of chambers by means of transverse 
partitions termed $epta (fig. 138,6)j generally the chambers 
increase in size towards riie aperture of the shell. The body 
of the animal occupies the last or body-chamber (a), to the 



Pig. 130. Section of tbe ihell of Navtihu.pompiUut, Recent, a, body, 
ohembera; b, Mptam; c, septal neck; d, liphtmole. x 

walls of which it is attached by the mantle and the muscles 
(fig. 136,8); in NaviUua there are two oval muscular im¬ 
pressions, one on each side, near the last septum and the 
inner side of the whorl; these impressions are marked by 
faint concentric lines. The muscles are oonnected both above 
and below by a band of fibres called the annvlua, which 
likewise leaves a mark on the shell. In Nautilus the funnel 
(fig. 135, 9) is placed at the external margin of the aper¬ 
ture, so that this part of the last chamber is regarded as 
ventral. 
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All the chambers, except the body-chamber, are filled 
with gas, giving buoyancy to-the sheU. The shell grows by 
the addition of material at the margin of the aperture; 
after a certein period the body of the animal moves forwArd 
and a new septum is secreted behind it, thus cutting off 
a new air chamber. This movement occurs after a period of 
growth, and is not related, as some have supposed, to periods 
of reproduction, since it is only after the shell is completed 
that reproduction begins. In Nautilua the last air chamber 
of the completed shell is usually somewhat smaller than the 
preceding one (fig. 136). All the air chambere are traversed 
by a slender oord-like prolongation of the posterior end of 
the body, containing arteries, and known as the axphunde 
(fig. 136, 7, 136, d; 137 c). The position of the siphuncle 
varies in different genera; in NaiUiliLa it pierces the septa 
at or near their centres; in others it may be near either the 
external or the internal margin of the whorl. In the modem 
NautUxu the siphuncle has only a thin calcareous covering; 
but in many fossil Nautiloids it is completely invested by a 
calcareous tube. In some Palmozoic genera (e.g. Acttnoceraa) 
the interior of the siphuncle is partly filled up with calcareous 
deposits. The septa are often prolonged in the form of 
funnels around the siphuncle, so as to insheath it mote or leas 
completely; they may be short or may reach from one septum 
to the next or even further; these funnels are termed septal 
necks (figs. 136, c; 137, d ); in nearly all the Nautiloidea they 
are directed backwards (retrosiphonate). 

The aperture of the shell hu, in some oases, a simple 
margin, being either straight or slightly curved; in others, 
processes are given off from the external margin or from 
the aides; in Nauiilvs there is a sinus at the external (ventral) 
margin where the funnel lies, and the lines of growth on the 
shell are correspondingly curved. In some fossil Nautiloids 
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[PhrognuKeras) the sinus is at the inner margin of the aper¬ 
ture, which was therefore presumably ventral. In a few forms 
{e.g. Qomphoceras^^g. 140) the apertum, 
owing to the inward growth of the mar¬ 
gin of the body-chamber, is constricted. 

The line where the edge of the septum 
unites with the outer or tubular part 
of the shell is known as the siUure-Une; 
obviously this will only be seen when 
the shell is removed; but fossil forms 
frequently occur as casts and in these 
the sutuieaareclearly shown. One of the 
chief characters of the shell in theNauti- 
loidea is the simple form of the suture- section 

lines: usuaUy they are either straight or 
only slig htly undulating. tral perfoiatioDj 6, aep- 

The shell which covered the embryo d, 

m the Cephalopoda is known as the 
proloconch^] in the Nautiloidea it varies in form in different 
genera and species, ^d may be saucer-shaped (fig. 137), cup- 
shaped, conical or ovoid. The siphuncle (c) commences in the 
first chamber as a closed tube. 

Orthoceras. Shell straight or occasionally slightly curved, 
elongate-conical; transverse section usually circular. Septa con¬ 
cave; suture-line straight. Body-chambw large; aperture not 
contracted or produced into lobes. Siphuncle cylindrical, with¬ 
out internal csdcareous deposits; usually central, but sometimes 
sub-ccntral or ex-central. Ornamentation variable. Orthoceras, 
as defined above, includes numerous species which have been 
grouped into more reetrioted genera based mainly on the 
character of the ornamentation. Tremadoc Beds to Trias. 

* TbU oorresponds to the protegulum of the Braohiopods and to the 
prodiMOConch of the LamelUbranoha. 
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C!x. 0. irUsrmedium, 0. annuZotum, Silurian; 0. undxtUUum, 
Carboniferoua Limestone. 

Endoceras (fig. 139). Shell straight as in Orihoc«ra», Septal 
necks extend backwards from one septum to the next. Siphunole 
marginal or sub-marginal, cylindrioeJ, very large; the interior 
with numerous backwardly-directed cones, and an endoeiphon 
(rarely preserved). Ordovician. Ex. B. prouijftrmt. 



e 
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Fig. 180. 


Fig. 138. Bndounu. Disgrammstie tr&nsveiee and longitudinal sections, 
e, cones; s, endoeiphon; n, septal neck; $, siphTxnde. 


Fig. 189. Diegransmetie section of a portion of the shell of Actinocera*. 
a, septum; b, sipbancle; c, canals from endosiphon; <2, endoeiphon. 


Actlnoceras (fig. 139). External form similar to the pre¬ 
ceding; often very large; section tisually elliptical. The siphuncle 
is Isurge, and inflated between the septa so that each segment 
is spheroidal, and contains in the interior a large amount of 
calcareous deposit. In the centre of the siphuncle is a small 
tube known as the endosiphon (d), from which radiating tubes 
(c) are given off between the septa and pfus to the siphunole. 
Ordovician. Ex. A. Hgshyt. Rayonnoceras is aiinilar to Aetino- 
csras. Carboniferous. Ex. R. giganUum. 

Gomphoceras (fig. 140). Shell ovoid, short, straight or 
slightly curved; section nearly circular; body-chamber very 
large, aperture contracted, T-shaped. Septa close together. 
Siphunole sub-cylindrical or beaded, sub-oentral, placed nearer 
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Fig. 140. Aperture of Oompho- 
cera«{lfoiw2alocerae) boAemicum 
from the Silurian. (FtomWood 
ward.) Natural rise. 


the more convex aide of the shell. Surface smooth or with 
transverse ribs or strise. Oomphocerae has been divided into 
several ‘ genera ’ based mainly on the 
form of the apertive. Ordovician to 
Devonian. Ex. O. elliplicum. Lower 
Ludlow. 

Phragmoceras. Similar to the 
last, but curved and rapidly in* 
crecksmg in diameter, laterally com¬ 
pressed, section oval or elliptical; 
siphuncle near the inner (concave) 
margin. Silurian. Ex. P. broderipi. 

A^scoceraa. Shell a little curved; 
tho earlier part (which is rarely 
found) is similar to Ori&oceros, but 
with the septa more widely sepa¬ 
rated. The later formed part is sao- 
like and a little more convex on the outer than on the inner side; 
the body-chamber occupies most of the outer aide; the septa join 
together and then bend round and divide again before reaching 
the inner side of the shell; the siphuncle of this part is very short. 
Ordovician, but chiefly Silurian. Ex. A. bohemicum, Silurian. 

Cyrtoceras. Shell short and stout, curved, with elliptical 
or sub-trigonal section. Body chamber very short. Siphuncle 
large, beaded between tho septa, ustially sub-marginal and near 
the convex side of the shell; filled with radiating lamelles; with 
an endosiphon in the eidult. Devonian. Ex. O. depruntm. 

Poterloceras. Shell smooth, fusiform, slightly curved, in¬ 
flated in the middle, contracted at both ends, but eepeoially 
at the apical end. Section elliptical in the adult. Siphuncle sub¬ 
central or marginal, inflated between the septa. Last chamber 
large; aperture simple, contracted. Carboniferous. Ex. P./usi- 
forme. Carboniferous Limestone. 

Cophinoceras { Oyroeeras'). Shell consisting of one or 
several whorls, coiled in one plane, either just touching or 
separate; highly ornamented with nodes, ridges, etc. Siphuncle 
niunmuloidal, as in Cyrioeeros. usually near the convex margin. 
Devonian. Ex. C. omatum. 

Lituites. The first part of the shell coiled in a plane spiral; 
usually four whorls either touching or slightly separated. The 
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later part of the shell separatee from the spiral part and is 
straight and long; it gradually inoreaaes in diameter towards 
the aperture which has two projecting lobes. Siphunole oylin* 
drical, sub-central. Septa concave. Ordovician. Ex. L. lifuus. 

Nautilus (figs. 136, 136, 137). Shell more or less globose, 
spiral, whorls few, coiled in one plane, and more or less com* 
pletely embracing. Umbilicus usually small or ^>sent Body 
chamber much larger than the preceding one, aperture simple, 
with an external sinus. Septa concave, suture-lines more or 
less undulating. Siphuncle central, septal necks short and 
directed backwards. Surface of ah^ smooth or ornamented 
with strisB or ribs. Trias to present day. Ex. N. pompUiua, 
Recent; N. rtgtUi$, London Clay. The Mesozoic species are now 
regarded as belonging to separate genera. 

Vestlnautllus. Shell spiral; whorls thick, partly overlapping, 
sub-hexagonal in section; external margin broad, round^ or 
concave, with a ridge or ridges on each side. Umbilicus large. 
Siphunole sub-central. Suttires with a backwardly-direoted 
sinus at the external margin. Carboniferous. Ex. V. eariniferxit. 

Dlscltoceras {^DiscUes). Shell spiral, compressed, dis- 
ooidal; whorls quadrangulsw in section, increasing in size 
gradually, sometimes a little embracing, with the external 
margin fiat or grooved, and the sidea flattened. The last part 
of the shell is separated from the preceding whorl for a short 
distance. The earlier whorls have longitudinal ribs. Carboni¬ 
ferous Limestone. Ex. D. UveiUeanus. Other Carboniferous 
genera with plane spiral shells are CctJonatUilua, Temncc/ieilua. 

Aturia. Shell diMoidal, whorls compressed, completely em¬ 
bracing, with roimded external margin; suture-line zigzag, with 
a deep angular lobe on each side. Siphunole near the internal 
margin; septal necks large and very long, completely oovexing 
the siphuncle. Eocene and Bliooene. Ex. A. sio-zoc. Eocene. 


Dietribution of the NaxUiloidta 

At the present day the Nautiloidea are represented by only 
four species of NaxUUua, which are found in the Indian 
Ooesm and the East Indian Archipelago (from Sumatra to 
Rji). Nautilus lives in fairly shallow water, eitiier crawling 



312 


MOLLTTSCA 


on the sea bottom by means of its tentacles or swimming, 
but sometimes rising to the surface of the sea. Most of 
the extinct Nautiloids probably fed a similar benthonio 
mode of life. 

This group appears much earlier in the geological series 
than either the Ammonoidea or the Bibranchia. The early 
forms are slightly curved cones, subsequently straight and 
spiral shells appear j but the straight or nearly straight forms 
predominate in the Palaeozoic and Trias. 

VolbortheUa and SaUereOa, found in the Lower Cambrian, 
are regarded by some authors as primitive Nautiloids, and 
by others as belonging to the group which includes Byolithes 
(p. 293), Curved forms, resembling Cyrtoceras externally, 
appear in the Upper Cambrian. In the Ordovician the 
NautUoidea increase in importance {Bndoceras, PUoemt&, 
LituiUi, etc.), and the group attains its maximum develop¬ 
ment in the Silurian, where the number of species is very 
great {Orihoceraa, Oomphoceraa, Phragmoceras, Ascoceras, a,nd 
the helicoid genus TrocAoceras) ; it decreases slightly in impor¬ 
tance in the Devonian and Carboniferous, and is but poorly 
represented in the Permian. The chief genera in the Carboni¬ 
ferous are Orthouras, Rayonnoceras, PoUrioceras, Discito- 
ceraa, VeatiTuiutilus, Ccelonautilua, PUuronautilua, Temno- 
cheilut. The only genus which extends beyond the limit of 
the Paleeozoio period is Orthoceraa, which is common in the 
Trias. Nauiilus occurs first in the Trias, and is abundant 
in the Jurassic wd Cretaceous, when its distribution seems 
to have been world-wide; in the Tertiary it is relatively rare. 
Aturia appears in the Eocene and Miocene. 
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ORDER n. AMMONOIDEA 

The Anunonoids are quite extinct and include the ammO' 
nites, goniatitee, etc. The shell is generally coiled into a 
plane spiral, and as a rule the suture-lines show complicated 
ptatterns (fig. 141). The siphuncle is at the margin of the 
shell—^generally at the outer, hut in one Upper Bevonian 
group (the Clymeniidss) at the inner margin; it is usually 
more slender than in the Nautiloids and does not contain 
internal calcareous deposits. The septal necks in the ammo¬ 
nites are directed forwards (proaiphonate), except in some 
of the earliest chambers; in the Clymeniids and some 
goniatitee, on the other hand, they point backwards as in 
the Nautiloids (retrosiphonate); but in the more advanced 
types of goniatites they are transitional, a small collar-like 
part projects in fiont of the septum, but the main part of 
the septal neck extends backwards. 

The form of the suture-lines varies oonsiderably in dif¬ 
ferent genera and is of great importance for 83 rstematio 
purposes. The central part of each septum is flattened or 
slightly undulose, but the edges become folded or even 
frilled, often giving rise to very oomplex suture-lines; by 
this means greater support is afforded to the outer tubuUu’ 
part of the shell than is the case in the Nautiloids where 
the sutures are simple. The portions of the suture-line 
which are convex towards the mouth of the shell are termed 
Baddies (fig. 141, s), while the intervening concave portions 
are known as the lobee (1). In many forms the lobes and 
saddles exhibit secondary foldings, which may be slight, 
producing merely a denticulate pattern, or may be deep 
and provided with other smaller foldings, giving a foliaoeous 
appearance to the suture. The lobes and saddles are nearly 
always similar on the two sides of the shell: commonly there 
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is first the external lobe (fig. 141, 1) at the external margin, 
then the euperior and inferior (or first and second) lateral 
lobes on the sides of the whorl (1 1, 2 Z), and near the 
margin o^er lobes known as auxiliary lobes (oZ) may occur; 




i) 


141. A. Sutare-Use of an Ammonite (ParjUaeoitio dcrttUntis) from 
tbe Inferior Oolite. B. 8ature-line of CenU^ nodosut, from the Moachel. 
kalk. 2, one half of the external lobe; 11,21, euperior and inferior lateral 
lobee; oi, first auxiliaiy lo^e; s, external saddle; 1«, 2a, euperior and 
inferior lateral eaddJee; a$, first auxiliary saddle. In eaoh case tbe straight 
line on the left represents the position of tbe sipbuncle at the external 
margin, and the eurred one on the right tbe line of contact with the next 
whorl (BumbilicsJ suture). 


on the internal margin (opposite to the external lobe) is the 
tnfentoZ lobe. The saddles are arranged in a nimilnr manner; 
there are the external saddle (a), the lateral saddles (1 s, 2 a), 
and auxiliary saddles (oa). The external lobe is often divided 
by a median (siphonal) saddle (as in fig. 142 B). Sometimes 
other lobes and saddles (termed adventitious) are formed by 
the subdivision of the external saddle (fig. 153) or of the 
median (siphonal) saddle in the external lobe (fig. 142 A, E) 
or of the lateral lobe (fig. 142 B, Ad 1, 2). With a few 
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exceptions the suture lines of one aide of the shell are sym¬ 
metrical with those of the other side. 

There is a relationship between the number of lobes and 
saddles in the suture-line and the form of the whorl. When 
the whorls only just touch and are circular or oval in 
section (fig. 156) usually only the fundamental lobes and 
saddles are present, but when the whorls overlap (fig. 164) 
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Fig. 142. A. Puudo»ag«MTC» muUHobatum^ TriM*. (After Htfiling.) 
B, ertemal lobo with median Mddle divided; e, exterxml leddle; /, in¬ 
ternal lobe; 1*1, Li, fiiat and eeoond lateral lobee; Avx, auxiliary lobee. 
B. Coilopoctrcu springeri. Chalk. (After Hyatt.) S, extern^ lobe; 
B*, external uddlo; Ze, lateral saddle; Ad 1,2, adventitious lobes; 
L\,Li, first and second lateral lobes; Aux, auxiliary lobes. 


there is a tendency to increase the number by the develop¬ 
ment of auxiliary and sometimes also adventitious lobee and 
saddles. 

The naming of the lobes and saddles according to their 
position in the adult shell appears to be less satisfactory 
than a terminology based on the study of the development 
ofthe suture-line during ontogeny. From the figures showing 
the development of the suture-line of an Hoplitid ammonite 
(fig. 143) it will be seen that the first lateral lobe (I*) is 
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always a fundamental part of the suture-line (fig. 143, a ); 
but the lobe whioh is formed later at the umbilical suture 
(fig. 143, b, 1) subsequently gives rise by subdivision to a 
number of lobes (2-8) on the external as well as on the 
internal side of the umbilical suture. When uncoiling of the 
shell occurs, as in Baculites (fig. 183), the elements of the 



Fig. 143. Development of the eatiire-line in a Hoplitid Ammonite from 
the Oauh. a, b, firet and eeoond sutare-linee; o—y, later euturea; B, 
external lobe; I, internal lobe; L, lateral lobe; b, 1, umbilical lobe; 
2—8. lobee reeulting from the diviaion of 1. (AfW Spath.) 

suture-line remain the same throughout life, namely, the 
external lobe, first lateral lobe, second lateral lobe, internal 
lobe. 

The form of the successive suture-lines remains almpst 
oonstuit on the adult part of the shell, but on the younger 
parts the sutures are less complex. The suture-line of the 
first septum may be straight or only slightly curved, as in 
the Nautiloids; or it may show a broad external saddle; 
or a narrow external saddle with a lateral lobe on each side. 
In the second and later septa the sutures become succes¬ 
sively more folded, until the adult form is attained. The 
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development of the sutuie-line in a typical goniatite is 
shown in fig. 144. 

In the early Ammonoids the suture-linee are compara* 
tively simple (fig. 145); the minor divisions of the lobes 
and saddles begin to appear in some 
Carboniferous genera; they increase 
in importance in the Permian and 
attain a great development in the 
Trias where the ammonites com¬ 
monly possess verycomplez sutures. 

The acme of complication is reached 
in the Upper Triassic genus Pinaco- 
ceras (fig. 153). The gradual advance 
in the complexity of the suture-line 
is shown in a series beginning with 
Anthracoceras from, the Carboni¬ 
ferous and ending with Utsuria 
from the Trias (fig. 146). 

The protoconch of the Ammo¬ 
noids is formed of calcareous mate¬ 
rial ; in a few of the straight or loosely 
ooUed genera it is spherical or ovoid in shape, but in most 
genera with closely coiled shells it shows a convolute mode of 
growth and becomes barrel-shaped (fig. 147, a). The firstsep- 
turn closes the aperture of the protooonoh. The siphimole (6) 
commences with a bulbous enlargement (the C4xcum) which 
projects into the protoconch. The csecum is attached to the 
opposite side of the protoconch by strands (the prosiphon). 
In the first few chambers the siphuncle is variable in posi¬ 
tion and relatively large, but afterwards it gets gradually 
nearer the- external margin of the whorl and becomes rela¬ 
tively smaller. 

In the body-chamber of some ammonites and goniatites 





Fig. 144. DeTelopmentofthe 
■uture-line of a Qoniatito, 
Homoctn*diad€ma, Carboni¬ 
ferous. a, 6, e, finii, second 
and third satura-linM; d, e, 
later sutura-Iiaes; f, adult 
suture-line. (After &anco.) 
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and in Bacvlites and Scaphitea, a pair of calcareous plates, 
known as the aptyehus (fig. 148), are occaaionally found; 
in shape they are triangular or nearly semicircular; the 

S 
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Fig. 146. 

Fig. 146. Sutiir»>Iinea of OoniatitidA. The arrow is at the external 
(siphonal) margin and points towards the aperture of the shell, a, Affonia- 
tiks bokemietu, Devonian; b, Anorcttie*^tbeiu$, Hevonian; e, Tonoceraa 
tnuon^alsrs, I^yonian; d, Mantkourat tnatinsseens, Devonian; s, Oiutrxo- 
ceras listen. Coal Measures; /, ProUeaniles ecmpreasus, Carboniferous. 
(After Barrande, Sandberger and Orifk.) 

Fig. 146. Development ofthesQture-lines in a series of genera. a,Anihra^ 
eocene disevs, C^boniferons; b, e, Dimorphoeeras gitterteoni, Chrboni. 
feroHS; d, DiewrphouTas looruyi. Carboniferous; e, ThtUaseoetrae gemmel* 
laroi. Lower Permian; f, Thalassoeerae lurtcomm. Lower Permian; 
g, Ussuria seMasnara, ijomot Trias. (After Bpsth.) 

rnargina where the two plates are in contact are straight, 
the others curved. Since in one ammonite an aptychus was 
found closing the aperture of the shell, it is probable that 
it served as an operculum (p. 278) and was attached to a 
part of the body representing the hood of Naviilus (fig. 
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Fig. 145. 
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135,2). A mmilar gtracture, but consisting of chitin, and 
with the two plates united, is found in the body*chamber 
of some ammonites. 

Xn a few Ammonoids the shell is either a straight cone 
{e.g, LobobactriUs) or coiled into a helicoid spiral (e.^. Turri- 
lit€s, fig. 165), but in the great majority of the genera all 
the whorls are in a plane spiral, and in such the form of the 
shell depends mainly on whether the later whorls grow round 



Pig. 147. Pig. 148. 


Pig. 147. Saotion, juit above the median plane, of the eariy part of an 
ammonite—ProflueroMnu fianicotia. Lias, o, protoconch 5 6 , eiphuncle. 
(After Branco.) x 21. 

Fig. 148. Aptyohne of an ammonite, from the Oxford CSay. (From 
Woodward.) 

the earlier, or are simply in contact with them or slightly 
separated; in some genera the last whorl partly (fig. 160) 
or completely (fig. 154) conceals all the previous ones, but 
in others (fig. 156) the whole of the whorls are visible, and 
then the umbilicus—which is present on both aides of the 
shell—48 very large. When the diameter of the whorl from 
side to side (t.e. the thichuM) is greater than the diameter 
from the internal to the external margin (*.«. the height) 
the whorl is said to be dressed; the umbilicus is then 
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deep, and if in such caaes the later whorls embrace the 
earlier, then the umbilicus will be both deep and narrow. 
The whorl is compressed when its height is greater than its 
thinlcriftiw (fig. 149). In some ammonites the outer whorl 
begins to uncoil, and this leads on to the scajihUoid coiling 



Fig. 149. Oxydymenia undvlala. Upper Devonian. The lower figure 
ahow* the form of the suture-line; the Tertieal line indicates the pontion 
of the external margin of the whorl; the curved line is the umbilical 
suture. (After Nicholson.) 

in which Uie body-chamber is quite free (fig. 161), and to 
hamitoid when the shell is bent upon itself in crozier-hook 
fashion. The extreme of uncoiling is reached in BaculUes 
(fig. 163) in which only a small part of the shell is spiral, 
the remainder being straight. 

The surface of the shell may be smooth or ornamented 
with stris, ribs, tubercles, or spines; as a rule the oma- 


▲MHONOIDEA 


321 


mentation is much more developed in Mesozoic than in 
Palaeozoic genera. In some ammonites (fig. 168) the ex¬ 
ternal margin of the shell is provided with a ridge or ktd, 
and in these forma the ribs of the two sides are not con¬ 
tinuous. The keel may be smooth or toothed. In some 
genera there is either a groove or a flattened margin in 
place of the keel. The aperture of the shell in the ammonites 
is frequently produced into lobes at the sides, or into a 
pointed projection at the external ma^fri (figs. 168, 159). 
In some of the goniatites there is a sinus at the external 
margin of the aperture indicating the position of the funnel, 
but this disappears in the more advanced types, and, with 
few exceptions, is absent in ammonites. 

The character of the ornamentation, the shape of the 
whorls, the position of the siphunole, and the form of the 
sutures, change at different periods in the life of the indi¬ 
vidual ; these changes, which occurred during growth from 
the piotooonch up to the adult, can be traced out by ex¬ 
amining the early whorls of the shell. From a study of this 
development of the individual (ontogeny) attempts have 
been made to trace out the phylogeny of various types of 
Ammonoids. As in the case of the Braohiopoda (p. 197) it 
has been foimd that some forms, which in the adult state 


appear to be nearly identical, differ in their development, 
indicating that they have descended from different anoestors. 
Similarly, the development of the suture-lines and other 
features of the shell show that the ammonites have descended 
from more than one group of goniatites. 

Since the Ammonoids are extinct and their soft parts 
unknown it is impossible to determine whether they pos¬ 
sessed one pair of gills as in the Dibranchia or two pairs 
as in Navtilua (Tefrabranchia). As, however, the shell was 
external and agrees closely in structure with that of the 
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Xautiloids, and the muscular impressions in the body- 
chamber are aimilAr to those found in NaviUus, we may 
regard the Ammonoids as closely allied to the Nautiloidea; 
this view of their relationship receives further support from 
the resemblance shown by the early Ammonoids (in their 
relatively simple sutures, backwardly-direoted septal necks, 
the sinus at the external margin of the aperture, etc.) to 
the Nautiloids. The protooonch of the Ammonoids, how¬ 
ever, resembles that of the Belemnites as much as that of 
OrOioceraSy but differs from that of NaxUilua. 

A striking feature of the majority of the Ammonites is the 
bilateral symmetry of the shell. This is characteristio of 
animals whieh live with the median plane of the body in a 
vertical position. Such a position would be likely to follow 
from the hydrostatio effect of tho air chambers; these in 
life would 1» uppermost and the body-chamber below. The 
vertical position and bilateral symmetry are more likely to 
be retained in swimming molluscs than in those which live 
crawling on the sea floor. A swimming mode of life would 
be favoured by the buoyant influence of the air chambers, 
and those wi^ flattened shells and acute margins would 
experience less resistance in moving through water than 
those with convex whorls, broad rounded external margin, 
and strong ribs. It seems probable that most of the Ammo¬ 
nites were nectonio and lived at no great distance from land, 
i.e. on the continental shelf; they may be abundant even 
in very shallow water deposits. Some genera, however, such 
as Phyllocenu, Lytocerae and ArcesUs, have extremely t hin 
shells, comparable with those of pteropods and other pelagic 
molluscs. These seem to have been still better adapted for 
swimming and floating, and may well have led a semi- 
pelagic existence. 

The different modes of coiling seen in such genera as 
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Crioceras, TurriliUs and Baculite^, were probably related to 
the adoption of a more distinctly benthonic mode of life. 
This benthonic habit may al<io account for the partial loss 
of symmetry in a small number of Ammonites; in these the 
siphuncle may be shifted from the median plane, and the 
suture-line of one side of the shell not quite symmetrical 
with that of the other. In NipponiUs, from the Upper Chalk 
of Japan, the early whorls are coiled like Turrilitea but the 
later whorls are quite irregular; it has been suggested that 
this was a fixed form, like Vermetua among gasteropods. 

The wide geographical distribution of the species of 
Ammonites accords with a swimming mode of life; but, 
with an external and chambered shell it is not likely that 
Ammonites were capable of such rapid motion through 
water as are the Bibranchs. 

A. dymaniida. Siphuncle at the internal margin. 

Clymenla. Shell discoidal, with wide shallow umbilicus; 
whorls numerous, more or less flattened, all visible, but each 
partly embracing the preceding one; body-chamber generally 
occupying three-quartere of the last whorl. Apertxire with a 
sinus at the external margin. Suture-linee with a simple 
rotinded lateral lobe, a narrow lobe at the internal margin 
(below the siphuncle) and a broad saddle at the external margin. 
Siphtinele on the internal margin; eeptal necks directed baok< 
wards. Surface usually ornamented with transverse growth- 
lines. Upper Devonian. Ex. C. Uavigata. Other genera of the 
CHymeniids, distinguished mainly by the character of the 
suture-line, are CyrUxiymania, Oxydymenia (fig. 149), Cyma^ 
dymenia, Qoniodymania, etc. 

B. Oimiatitida. Siphuncle at the external margin. Septal 
necks usually directed.backwards, but sometimes partly or 
entirely forward. Suture-line relatively simple. This group 
comprises forms commonly known as 'goniatites’. 


3X-2 



324 


M0LLU8CA 


Anarcestes (fig. 146 6). Shell with a wide umbilious, and 
broad, rounded external znajTgin. Body-ohamber long; aperture 
with a deep external ainus. Sutures very simple; the external 
lobe funnel'Shaped and not divided by a saddle; lateral lobe 
very flat. Septal necks long, directed backwards. Lower and 
Middle Devonian. Ex. A. plebeiiu. 

Gyroceratites. Shell discoidal; the early whorls not in con* 
tact, the later onee contiguous. Siphunole at the external 
margin. Sutures very simple, concave on the aides of the whorls, 
with a ftmnel'Shaped external lobe. Devonian. Ex. 0. graoilis 
(ssMiTTtocAraa comprtssum). 

Agonlatltes (fig. 146 a). Whorls elevated, increasing in 
height very rapidly, with the external margin more or less 
truncated. Umbilious narrow or of moderate width. Body 
chamber ^ to ) of the length of the last whorl. Septal necks 
directed backwetrds. In the suture-line a narrow external lobe, 
and a lateral lobe ustially rather deep. Lower and Middle 
Devonian. Ex. A. txpanms. 

Mantlcoceras {ssQephurocerat) (fig. 146 d). Shell with or 
without umbilious; external margin rounded. Body chamber 
short; with a sinus at the external margin of the aperture. 
Septal necks short, directed forwards. In the sut\ire-line a 
deep lateral lobe, a wide saddle, and a broad external lobe 
divided by a median saddle. Upper Devonian. Ex. M. in- 
tumescent. 

Tomoceras (fig. 145 c). Shell smooth, with rounded external 
margin; umbilious closed. Suture-line with the external and 
lateral saddles rounded and imdivided; the siphonal lobe email 
and funnel-like; lateral lobes angular or rounded. Upper 
Devonian. Ex. T. simplex. 

Goniatltes (restricted) (figs. 150, 161). Shell smooth or 
striated, whorls generally wide and embracing, with rounded 
external margin; umbilious small or closed. Septal necks short, 
directed backwards but iisually also with a small part projecting 
forwards. External lobe divided by a small saddle; external 
saddle nourow; lateral lobe angular and deep; lateral saddle 
broad, roimded, and undivided. Carboniferous Limestone. Ex. 
O. ephctricua. 

Gastrloceras (fig. 146 s). Shell with tuberclee at the margin 
of tile umbilicus. External margin broad, rounded. External 
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lobe broad luid deep, divided by a saddle; first lateral lobe 
deep, tongue-shaped, angular: second lateral lobe small, angular; 
seiddlee rounded. Coal Measures. £x. 0. litUri. 

Prolecanltea (fig. 146/). Shell smooth or striated, flattened, 
with a large umbilicus. Lobes and saddles numerous. Sxtemal 
lobe not divided; two or three lateral lobes, sharp; lateral 
saddles narrow and rounded. Carboniferous Limestone. £x. 
P. mixolobtu, P. (MeroeaniUt) eompresaus. 




Fig. 150. 


Fig. 161. 


Fig. 160. OoniatiUs 9pharicu*, from the Carbonifarotu Limestooe. The 
■it*n has been distolTed exposing the sutures. Side view. 

Fig. 161. Front view showing the sipbunele at the external (upper) 
margin. (From Woodward.) xf. 


In all the other genera (ammonites and uncoiled am- 
monitids) the sipbunele is at the external margin, the septal 
necks are directed forward in the adult, and the suture¬ 
lines are more complex than in the goniatitids. These in¬ 
clude a very large number of genera of which only a few 
representative forms can be given here. For convenience 
theymay be divided into (C) Triassic Ammonites, (D) Jurassic 
and Cretaceous Ammonites, (E) Uncoiled Ammonitids. 
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C. Triassic Ammonites. 


Ceratites (figs. 141 B, 152). Shell disooidal; on the sidcA are 
ribs which often bear tubercles near the umbilical and external 
margins; external margin broad, con¬ 
vex or flattened; umbilicus iiiudor- 
ately large; body-chamber shorts 
Saddles rounded, lobes denticulate; 
external lobe broad cmd short. 'Prias 
(Muschellcalk). Ex. C..nodo9U8. 

Trachyceras. Shell flattened, 
highly ornamented with ribs which 
bear tubercles or spines arranged in 
spiral rows; at the external margin is 
a groove; umbilicus generally small. 

Body-chamber short. Sutures simple, 
lobes and saddles toothed. Trias. Ex. 

T. non, 

Arcestea.Shellsmoothorstriated, CtraiUu nodo»u$, 

uearly globular, mth thick whorl.; Mcchelkalk Th. 

, .X. ® „ I j u j *beU has been removed, ex- 

umbihous small or closed; body- podng the sutures, si. 
obambervery long. Lobes and saddles 

numerous and foliaoeous, arranged in a straight row and gradu¬ 
ally decreasing in size from the external to the internal margin; 
there are two lateral lobes and many auxiliekry lobes; saddles 
with narrow stems and fine branches. Trias. Ex. A . intuslabiatus. 


Pinacocems. Shell large with small umbilicus and very 
acute external margin. Sutxire-line (fig. 103) with numerous 
adventitious and auxiliary lobes and saddles. Upper Trias. 
Ex. P. meiUmichi. 


B. Jurassic and Cretaceous Ammonites. 

Phylloceras (figs. 164, 166). Shell smooth or with fine 
strie or gentle folds, never with tubercles; external margin 
roimded; umbilicus very small or closed. Saddles and lobes 
numerous: saddles divided, the extremities being roimded. 
Jurassic to Cretaceous. Ex. P. heUrophyllum, Upper Liaa. 

Lytoceras (fig. 156). Shell smooth or ornamented with 
transverse strie, and often with laminar projections (varices) 







Fig. 154. PhjfO<K*r<u htUrophyBim, from th« LUa. A put the •bell 
bat beea remoTed to eipoee the sutures, x 

Fig. 155. 8Qtore.liBe of PkyUoctrtu Merophyttvm, from the Lim. The 
arrow indicatea the poaitioo of the npbiincle and points towards the 
aperture of the shell. (From Woodward.) Natural s^. 


Fig. 156. 


Fig. 157. 


Fig. 166. Lytocenu Jimbriaiuin, from the Lower Lias, x 
Fig. 157. Atuirofynoeerof naetUahim, from the Lower Lias, x |. 
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placed at intervals. Whorls rounded, and only slightly or not 
at all embracing: aperture usually simple. Suture-line deeply 
and finely divided, oopsistlng of an external lobe, two lateral 
lobes, and a narrow internal lobe; of an external saddle and 
two lateral saddles. Lateral lobes and saddles nearly sym¬ 
metrically divided, lias to Cretaceous. Ex. L. fimbriatum. 
Lower Lias. 

Pslloceras. Shell discoidal, umbilicus large; whorls in¬ 
creasing in size very slowly, external border rounded; surface 
smooth or striated, occadonally with ribs. Sutures not much 
divided. Lower Lias. Ex. P. j)lanorbi9. 

Schlothelmla. Shell flat, discoidal, umbilicus usually large. 
Ribs strong, ouiwed, often bifurcated in the adult, bending 
forward at the external margin, where they meet at an angle, 
but are often interrupted by a slight fturrow or smooth band at 
the margin. Sutures deeply divided; superior, lateral lobe 
generally deeper than the external lobe. Lower Lias. Ex. 

anyxdata. 

Arietltes. Shell discoidal, umbilicus large; whorls numerous, 
only slightly embracing, with the external border flattened and 
provided with a keel having a groove on each side of it. Surface 
with strong simple ribs, which are straight or bent near the 
ynnrgiw . Body-Chamber occupying from one to one and a qxiarter 
whorls. Suture-lino not much divided, with two lateral lobes 
And one auxiliary lobe. Lower Lias. Ex. A. turntri. 

Oxynotlceras. Shell much flattened; umbilicus small; ex¬ 
ternal margin sharp or keeled; surface smooth or striated. 
Suture-line not deeply divided; external saddle large, divided; 
auxiliary lobes present. Lower lias. Ex. 0. oxynolum. 

Androgynoceras (flg. 157). Shell discoidal, ximbilicus large; 
whorls rounded, omeunented with simple ribs which are con¬ 
tinuous over the external margin. Lobes moderately divided; 
superior lateral lobe larger than the others. Lower Lias. Ex. 
A. maculaiwn. 

Amaltheus. Shell flattened; with a keel, which is toothed 
or rope-like; umbilicus generally small; surfaco smooth, or with 
8tri», or simple or spiny ribs. Aperture with a long process 
at the external margin. .Lobee and saddles deep and much 
divided, with several auxiliary lobee. Middle lias. Ex. A. mar- 
garitattu. 
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Harpoceras (fig. 158). Shell flattened, with a prominent 
even keel; umbilicus or of moderate size. Sides of shell 

with siokle-shapod undivided hbe. 

Aperture with projections. Sutiiro- 
lino moderately strongly divided; 
superior lateral lobe deep. Upper 
Lias. Ex. H. serjmuinum. 

Hlldoceras. Similar to the last, 
but with wide umbiliciis. Whorls low, 
subquadrate in section, with broad 
external margin and xisually a deep 
furrow on each side of the keel and 
on the sidee of the whorl. Ribs dis* 
tinotly sickle-shaped in most cases. 

Upper Lias. Ex. H. bifrona. 

DactyUoceraa. Whorls numerous, „«■;»,fromtheUpperLiai. x *. 
rounded, only a little embracing; 

\uubilicu8 large. Ribs numerous, at first straight, afterwards 
bifurcating, continued over the external margin; without 
tubercles. Body-chamber long. Suture-line moderately divided; 
external lobe larger than the superior lateral. Upper Lias. Ex. D. 
commune. 

Ludwlgla. Shell discoidal, with fairly wide to comparatively 
narrow umbilicus. External margin flattened or rounded, with 
a median keel. Ribs very angular, sub-dividing, and strongly 
reclined on the outer half of the side of the whorl; starting 
singly from elongated umbilical nodes. Suture-line comp6kra* 
tively simple, with bifid external saddle. Inferior Oolite. Ex. 
L. murchiaonce. 

Sonninia. Shell discoidal, with fairly wide to comparatively 
narrow umbilicus. Whorls high, with oval section and hollow 
keel; spines at the middle of the side, with or without ribs; the 
ribs often bifurcating on the outer half of the side of the whorl. 
Suture-line highly frilled. Inferior Oolite. Ex. S. pn^inquana. 

Oppella. Shell discoidal, m\ich compressed, with small umbi¬ 
licus; extemalmarginaoute,but8ometime8roundedonthe body- 
chamber. Ribs sickle-shaped, generally feeble and often confined 
to crescents on the outer part of the side of the whorl. Suttire- 
line fairly complex, with prominent lateral saddle, and generally 
numerous lobes and saddles. Inferior Oolite. Ex. 0. aubradiata. 
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Stephanoceras (fig. 169). Whorls thick, external margin 
rounded. Umbilicus large. Surface with straight ribs, which 
bifurcate on the sides of the whorls and often bear tubercles 
where they bifurcate. Body-chamber long. Aperture often with 
lobe-like projections. Suture-line deeply divided; extemallobe 
large; inferior lateral lobe and auxiliary lobes small. Inferior 
Oolite. Ex. S. humphriMianum. 



Fig. 169. (.Vonruinnitos} braiktnridgti, Crem the 

Inferior Oolite, showing Uppeta of aperture, x f. 

Parklnsonia (fig. 141 A). Sliell discoidal, umbilicus large; 
ribs nearly straight, sharp, bifurcating near the external border, 
but interrupted at the external margin by a groove. Aperture 
with processes from the sides. Suture-line much divided; 
external and superior lateral lobes deep; saddles broad. Inferior 
Oolite. Ex. P. parkin«oni. 

Macrocephalltes. Shell inflated, whorls largely embracing, 
external margin rounded, umbilicus small. Ribs numeroxu, 
dividing near the ximbilious, continued over the external margin, 
and without tubercles. Suture-line deeply divided. Combraah 
and Kellaways Clay. Ex. Af. macrocephalua. 

Kosmoceras. Shell flattened; \imbilicus moderately large. 
Ribs numerous, bifurcating at the middle of the sides of the 
shell, where there is generally a row of tubercles, and ending 
in a tubercle or spine at the external margin; sometimes with 
tubercles at the edge of the umbilicus. Aperture with long 
lateral projections (apophyses). Suture-line much divided; the 
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external lobe much shorter than the superior lateral lobe. 
Oxford Gay. Ex. K. rottmdum. 

Peltoceras. Umbilicus large; whorls generally qxuulrate» 
with broad external margin, the inner whorls with numerous 
continuous ribs, most of which divide near the external margin, 
across which they extend; the ribs on the later whorls with two 
rows of tubercles on the sides, one near the outer, the other 
near the inner margin. Suture-line moderately divided, with 
large external saddle. Oxford Clay. £x. P. athitta. 

Aspldoceras. Shell generally more or less loosely coiled. 
Whorls sub-quadrate in section, with broad flattened external 
margin. Spinee at the external part of the side and often also 
at the umbilical margin; with or without connecting ribs. Suture- 
line comparatively simple. Corallian. Ex. A. perarmatum. 

Perlsphlnctes. Shell discoidal, external margin rounded; 
umbilicus generally large. Ribs straight, continuous, bifurcating 
onoe or more near the external border. Constrictions are often 
present at intervals on the whorls. Suture-line much divided; 
external and superior lateral lobes large. Corallian. Ex.P.btplea;. 

Gardloceras (fig. 160). Shell flattened; whorls coosiderably 
embracing, with strong curved ribs which bifurcate, and bending 
forward near the external edge join the 
notched keel; short ribs often inter¬ 
calated on the external part. Lobes 
and saddles moderately divided; two 
short lateral lobes, and two or three 
auxiliary lobes; internal lobe with a 
single point. Top part of Oxford Clay 
(of Oxford district) and Corallian. Ex. 

C. cordMxtm. 

Hoplltes. Shell flattened orinflated; 
umbilioos usually small. Ribs curved, 
bifurcating, and generally bearing a 
row of tubercles near the external 
margin and another near the xim- 

bilious or at the middle of the sides; Oxford Clay. 

external margin flattened or deeply ”* 

grooved. Suture-line finely divided. Gault. Ex. H. dentatut. 

Acantfaoceras. Whorls thick; umbilicus large; ribs simple 
or bifurcated, with rows of tubercles at the sides and margin; 
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external margin broad with a median row of tubercles. Saddles 
broad. Cenomanian. Ex. A. rhoUmagmttt Lower Chalk. 

Schlcenbachla. Shell with usually small umbilicus; external 
margin with a median smooth keel; surface with strong ribs> 
which aie slightly curved forwards and often bear tubercles. 
External and superior lateral saddles broad; one auxiliary lobe. 
Cenomanian. Ex. S. varian$. Lower Chalk. 

E. Uncoiled Aznmonitids. 

The shell is more or less uncoiled, or coiled into a heli> 
coid spiral. These are believed to have been derived from 
Lytoceratid ammonites. 

Macroacaphltea (fig. 161). Similar to Lytoceros. Discoidal; 
the last whorl prodticed and then bent back in the form of a 
hook. Upper Neooomian. Ex. M. team. 



Fig. 161. MaerotcaphiU* tvan», from the 
Lower CretaoecQs. x 


Crioceras (fig. 162). Shell coiled in a piano spiral; the whorls 
not in contact. Surface ornamented with ribs which in some 
oases bifurcate and often bear txiberolee and spinee. Suture-line 
with four loboa. Neocomian. Ex. 0. duvali. 

Ancyloceras. like Orioceraa, but tuberoulate, the last 
whorl produced in a straight line and then bent back in the 
form of a hook. Aptian. Ex- A. matheronianum. 

Hamltes. Shell bent upon itself three times, the parts not 
in contact; body-chamber long. Suture-line similar to Lyto- 



Fig. 162. C'riocefM duvali, NeocomUn. (After Sarasiii uid 
Scbonddnuiyer.) x|. 



Fig. 163. 


d 

C 


a 


Fig. 164. 



Pig. 163. Fart of BaevUUa ehico 0 uit. Chalk. (After Perrin Smith.) x 5. 

Fig. 164. BaevliUB cAieoeam, Chalk, a, firti tiitare-lme with aiphonal 
cmcvm; h, aecond; e, lixth tuture-line; d, adult rature-line of Boadita 
eaptnsisi £, external lobe; LI, L2, firtt and aecond lateral lobea; I, in¬ 
ternal lobe; E*, external saddle; 51, first lateral saddle; 52, internal 
(doiaal) saddle, (o-e, after Perrin Smith: d, after Spath.) 
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ceraa, with the lateral lobee deeply divided. Surface smooth, 


or oraamented with ribs. Oault. Ex. H. 
maximua. 

Baculltes (figs. 163,164). SheUetraight 
(except a small spiral part at the apex, 
which is the first-formed part of ^ shell), 
elliptical in section. Suture-line with the 
lobes symmetrically divided. Upper Ore- 
taceoxis. Ex. B. vertebralis {=fauja«i)t 
Chalk. 

Scaphltes. Shell coiled in a plane spiral; 
the whorls in contact and embracing, ex¬ 
cept the last, which is free from the spiral 
and then recurved in the form of a hook. 
Surface ornamented with bifurcated ribs 
which often bear tubercles. Suture-line 
generally much divided. Gault to Middle 
Chalk. Ex. S. CBguali«, Lower Chalk. 

Turrllltes (fig. 166). SheU helicoid- 
spired, turreted, usually sinistral, all the 
whorls in contact. Surface ornamented 
with transverse ribs or tuberolee. Oault to 
Chalk. Ex. T. cottaius. Chalk. 



Pig. 166. Tvrrilitet cot- 
Lower Chalk, 


Disiribuiion of the Ammonoidea 

The Ammonoidea have a shorter geological range than the 
Nautiloidea, the earliest representatives being found in the 
Lower Bevonian and the latest in the Chalk. The most 
primitive of the Ammonoids, and apparently the anoestral 
form of the goniatites, is Agoniatiles from the Lower 
Devonian; it differs but little from some Silurian Nautiloids 
{Barrandeoeeras) except in the greater sinuosity of the 
superior lateral lobe, in the external position of the siphuncle, 
and in the more closely coiled early whorls; but similar 
closely coiled whorls are seen in the Lower Ordovician 
NautiJoid Trocholites. Lobobacirites BactriUe*), found in 
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the Middle Bevoniftii, haa often been regarded ae the an¬ 
cestral form of the Ammonoids, but is now believed to be 
a secondarily uncoiled goniatite; it possesaes a straight taper¬ 
ing shell, with a simple superior lateral lobe (like fig. 146, a). 

Throughout the Bevonian and Carboniferous periods the 
goniatites were dominant, with the Clymeniids abundant 
in the Upper Devonian. In the history of the various groups 
of goniatites there is a general tendency for the suture-line 
to become more folded, for the septal necks to change from 
retrosiphonate to piosiphonate, and for the sinus in the 
external margin of the aperture to decrease in size and 
ultimately to disappear. The various goniatite stocks that 
persisted into the Permian gradually took on ammonite 
characters, until in the Upper Trias the maximum of 
development was reached. Although most of the ammonites 
in the Trias evolved complicated suture-lines, some, like 
CmUUea, remained relatively simple. The number of genera 
in the Trias is very large, but not one seems to have survived 
into the Jurassic period, and only one family (the Phyllo- 
oeratida) passed from the Trias into the Jurassic, so that 
apparently all the later ammonites must have been derived 
either directly or indirectly from that family. Two families, 
the Phylloooratida and the closely allied Lytooeratida, are 
remarkable in that they persist with but little change 
throughout the whole of the Jurassic and Cretaceous periods. 
Numerous other groups of ammonites were evolved in the 
Jurassio and Cretaceous, but the possibilities of variation 
were limited and the same types of whorl-section, ornamenta¬ 
tion, and suture-line were often reproduced in the various 
families and at different horizons. In the Trias and Jurassic 
there are some genera in which the shell has become 
secondarily straight (Rhabdoctrat, Acuariceraa), partly un¬ 
coiled {Choristoceras), or coiled into a helicoid spiral {CoeMo- 
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Spiroccras ); this feature becomes much more marked 
in the Cretacoous where we get such genera as HamiteSy 
MacroscaphUes, BaculiteAy Crioceraa and ScaphUes (figs. 161- 
163)—^forms which are believed to have been derived from 
various Lytoceratid ammonites. In the Cretaoeous there is 
a tendency in some stocks for the suture-line to become 
simplified, and occasionally it returns to the type seen in 
Ceratitea. On the other hand in Indoceraa, the latest of all 
ammonite genera, there is no sign of simplification; its 
suture-line with 75 elements (lobes and saddles) reoalla the 
acme of specialisation among the Triassio ammonites. 

The distribution of the more important genera of Ammo- 
noids is given in the following table. 

Lower Devonian. AgoniatiUSy Anarct9U$, 

Middle Devonian. AgoniatiU$, Tomoeeraa, Anarc«$Us, Oyro- 
ceratiteg, Lobobactritet. 

Upper Devonian. Olymenia and allied genera. Tomocercu, 
Cheilocenu, SporadocertUy Mantieocerat {Oephurocercu)t Beto- 
ceras. 

Lower Carboniferous. Aganides, Jftirasteroceras, Pericydtu, 
ProtocaniUs. 

Middle Carboniferous. OoniatiUs, Homoceraa, Nomiimooeras, 
DimorphoeeraSy ProUcaniU*, Pronoritu. 

Upper Carboniferous. Ga«trioc«r<u, Schistoceras. 

Permian. Agathicenu, CyclolobtUy Medlicottia, Thalassooeras, 
Poponoceras, Xenodi»ous, ParaUconiUa, Found chiefly in India, 
Russia, Sicily and Texas. 

Lower Trias. Ophicerat, Meekooertu, K 0 ninckiU$, Pssudo- 
sagwertu, Tirdiut, Dinarites. 

Middle Trias. CtratiUa, OynmiU$, PtychiUay Pnxuxt^My 
MonopKylLxU*, Bal<Uonites. 

Upper Trias. 2VacAycer(U, Cekifes, Tropitss, CtaditcUes, 
HaloriUs, ArceaUa, Joannites, Pinacouraa, DiecophyUiUB, Mega- 
pKyUiUa, LobiU$, Choristooeros, Coddocercu, Rhahdocera*, 

Lower Lias. Pdloceraa, SchlotSeitma, Corontceros, ArietUu, 
A»teroc«ra9, Oxynolicerag, Xipherocereu, Beroetras, Bchtocgr<u, 
PdynyorphiUg, Acanthoplewocgrag. LiparccerxUy Anarogynoctrog 
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Middle Lias. AmaWi«ua, Plettrocertu. 

Upper Liaa. Harpoceras, Hiidoeertu, Daeiyliccertu, Grammo- 
nerae, DumorHtria, Hctmmaioceraa. 

Lower Ootitee. Ltioceras, Ludungia, LudwigeUa, Sonninia, 
Oppelia, Stephanounu, SphoBrocenu, ParkinBonia, ProceriU$. 

Middle Oolites. Macrocephalilea, Cadoceras, Quenstidtoceraa, 
CardioceroB, HtcticoceroB, RBiruckeia, KoBmoceraa, Pekoceras, 
ABpidoeeroB, pBriBphincUB. 

Upper Oolitee. Pidonia, PoBmia, AidacoBUj^nuB, Amcebo- 
eeroB, Pavlotfia, OigantiteB. The following are not found in 
England: VirgatUeB, VirgatosphincUB, StrebliieB, HaploceroB, 
SimouroB, BerrioBeUa. 

Lower Cretaoeoua. DtBhayeBxUB, ParakopliUB, ChehniceroB, 
HopliUB, DwviUticenu, DeBmoceroB, Pt«o«a, MorUmiceroB, 
HamiUB, AniBOceroB. The following are chiefly foreign : SpiticeroB, 
PotjffrtycAUeB, HolcoBi^^nuB, HoloodiBCUB, AcanthodiacuB, L}/ti- 
eoceroB, BantmittB, Tropmm, MacroBcaphiUB, CrioceroB, Hetero- 
CBTOB, AncylocBTOB. 

Upper Cretaceoue. SMetnbadiia, AcatUhoetraB, Pw^ydiscua, 
ParapachydiBeuB, ParapuzoBia, PrionotropiBt TurriiiUB, ScaphUea, 
CyrioehiluB, BaculitBB. The foreign genera are far more numerous 
and include many “PaeudoceratiteB”, ♦.«. Ammonitee in which 
the suture-lineB are reduced to the simplicity of Triaaaic 
OeratiiBB, but these had already started in the Lower Cretaceous. 

ORDER m. DIBRANCHIA 

The Dibranchia are represented at the present day by the 
cuttle-fishes, the squids, the calamariea, octopuses, paper- 
nautilus, etc.; they are of much less importance geologically 
than the Nautiloids and Ammonoids, the only really com¬ 
mon fossil forms being Balttnnttcs and its alhes. Some of 
the modem cuttle-fishes attain a length of forty feet or more. 

The Dibranchia (fig. 134) have a sac-like or elongated 
body, and possess one pair of gills only, and one pair of 
auricles. The number of arms is limited to eight or ten; 
and on the inner side—that facing the mouth—they are 
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provided with rows of suoking-diacs, which sometimes possess 
horay hooks. The jaws are not calcified, and are consequently 
seldom preserved in fossil specimens. An ink>sac is always 
present, and is sometimes foimd fossil. The funnel is in the 
form of a complete tube. The eyes are highly developed. 

A shell is absent in some forms; when present it is (except 
in Arffonauia) internal, being covered by folds of the mantle, 
and may be either homy or calcareous. In some cases 
(S^pia) it has the form of an oval flattened body, known 
as the cuttle^boTte, which is composed mainly of laminated 
calcfloeous material with spaces between the laminas. In 
the squids the shell is lamellar in form and consists of homy 
material; it is termed the pen or ffladius. The shell in the 
cuttle-fishes and squids is placed on the upper or dorsal 
side of the body in a sac formed by the mantle. In SpiruJa 
the shell resembles that of a Tetrabranch, but is intemal, 
being almost entirely covered by the mantle; it is situated, 
at the posterior end of the body, and consists of a tube 
coiled in a plane spiral and divided into chambers by septa, 
which are traversed by a siphuncle placed near the inner 
margin; the whorls are not in contact, and a calcareous 
protoconch is present. The shell in the paper-nautilus 
{Argenauia) is of quite a different nature to that found in 
other Dibranchs; it is external and spiral, but not chambered, 
and is without muscular attachments; it is secreted by the 
terminal portions of the two anterior arms, and is found 
only in the female, serving for the reception of the eggs. 

The Dibranchia are divided into two sub-orders: (1) the 
Decapoda, (2) the Octopoda. 


S2-3 
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SUB-ORDEB 1. DBCAFODA 

There are ten arms, eight of equal length and two longer 
than the others. The latter can be more or less completely 
retracted within pits; their free ends are swollen and suckers 
are usually borne on those ends only. The suckers are stalked 
and are provided with a homy ring. An internal shell is 
always present. 

Belemnltcs (figs. 166-170). The shell consists of three 
parts—the guard or roshrum (fig. 166, o), the phragmocone (6), 
and the pro-ostraoum (fig. 167, d). 

The guard is solid and is much more commonly preserved 
than the other parts; it varies considerably in shape and size, 
being cylindrical, club-ahaped, fumform, conical, etc. The 
Original form aenins to have been a ^ort cone, such as is seen 
in Protot$uth\» acutu» from the Lower I*ias. The end which was 
directed away from the mouth is always pointed and at the 
other end there is a conical cavity or alveolus. The guard varies 
in length from one to fifteen inches. When sliced transversely 
or longitudinally it is seen to be formed of a number of layers 
(growth-layers) arranged concentrically around an axial line, 
which is not quite oen^ but is placed nearer the under surface; 
it is around this line that the first layers were secreted; the 
layers become somewhat thicker toward the pointed end and 
thinner towards the broad end of the guard. Each layer is 
formed of minute prisms of caldte, which are pieced per¬ 
pendicular to the axial line, thus producing a radiating fibrous 
appearance in croBB-eectioas. The surface of the guard is some¬ 
times smooth, or it may be granular, or furnished with rami¬ 
fying vascular impressions; in some species there is a longi¬ 
tudinal groove on the under surface, and there may also be 
grooves on the sides or on the upper surface (dorsum). 

The phragmocone (figs. 166, 6; 167, a; 170) is a hollow cone, 
part of which fits into the alveolus at the broad end of the 
guard; it is divided into chambers by septa which are concave 
in front; a slender and beaded siphuncle (fig. 166, c) traverses 
the chambers at the under margin; at the pointed end of the 
phragmocone is a globular or ovoid protoconoh formed of 
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oalo8(reouB material (6gB. 167, 170). The phragmooone is homo* 
logoua with the entire shell of a Nautiloid or an Aznmonoid; in 



Fig. 160. Fig, 167. 

Fig. 166. Longitediiul sactioa of BeUmniU*, from the Ozfoid Oey. 
0 , goerd; b, phregmocone with protoooach et the apex; c, siphitnole. 

Fig. 167. Phragmooone and p«HMtreoum of from the Lies. 

R^ratioo by G. 0. Crick, a, phiagmocooe with protooonoh at the 
apex; b, ^nt border of phragmooone; e, laet eeptom of phragmooone; 
d, pro«octracum. x }. 


ite oonioal form straight 8uture*lines it reeemblee Ofthooeroe, 
but the siphuncle is more slender and nearer the margin than 
in most forms of Orthocenu. The wall of the phragmooone 
(eometimee termed the eonatheca) is very thin, and in well- 





Fig. 1C8. Fig. 170. 


Fig. 168. D’Orblgoy's restoration of a Beleomite (under euriace}. ihowing 
the probaUe poatiions of the guard, the phragmooone, and the pro- 
oetracum. 

Fig. 160. ^elemailM. Liae, Lyme Regis. Originnl in the Sedgwick 
Museum, Cambridge. Showing hooks indicating the presence of eurht 
arms (•-*). xf. r ^ 

Fig. 170. Longitudinal section ofpartoftheidiragmocone of a Belemnite 
(Cusp^iUkw) from the Lias, pc, protoeonch; c. aiphuncle. Enlarged. 
(AfUr Christensen.) 
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preserved specimeas the upper part is produced in front into 
a large laminar expaosioa (fig. 167, d); this prolongation is 
known as the pro-ostracum, and corresponds to the ‘pen* of 
the squids, and it may represent the dorsal part of the body* 
chamber of Orthoceraa. The head of the Belemnite was ixnme* 
diataly in front of the pro-ostraoum. The arms were provided 
with homy hooks, which are sometimes preserved fossil (fig. 
169): there was a double row of hooka on each arm. but only 
eight double rows have yet been found in any specimen; two 
other arms, with or without hooks, may have been present. 
The ink-sao, near the base of the pro-ostracum, and the mandibles 
have also been found in some specimens. The probaole positions 
of the guard, phragmocone and pro>ostraoum in the body of 
the Belemnite are shown in &g. 166, from which it is seen that 
the guard formed a relatively small part of the entire length 
of the «-nimal. The guard was at the posterior end of tiie body 
emd it probably served to coimteraot the buoyant tendency 
of the phragmocone, so that the animal could maintain a hori¬ 
zontal position best suited for swimming. 

Belemnites range from the Lower Lias to the Upper Creta¬ 
ceous and inoltxde a very large number of species. These have 
been divided into groups, now regarded as genera, based mainly 
on the form of the guard, the number and position of the grooves, 
and the apioal angle of the phragmocone. Some of the more im¬ 
portant of these are: AcrpUuthis, Neocomian, ex. A. aubqua^ 
ratoi Actinocamax and BelemniuUa (see below); Belemnopaia, 
Inferior Oolite to Neocomian, ex. B. canalicultUxta; CylindroUu- 
thia. Upper Jurassic, ex. C. puzoaianuai DixctyloUuthis, Upper 
only, ex. D. irregtdaria; Hibolitea, Inferior Oolite to 
Aptian, ex. H. haatatuai Belemnitea, Lias, ex. B. paxiUoaua; 
Magateuthia, Upper Lias and Inferior Oolite, ex. M. 
ProtolaxUhia, Lower and Middle Lias, ex. P, acMtuaiUtohibolxiat, 
Neocomian to Cenomanian, ex. N. liateri, N. aemicanalicuiatuai 
Oxyteuthia, Neocomian to Aptian, ex. 0. bmnavicienata; 
Pachyteuthia, Upper Oolites, ex. P. exoerUrieua; Haatiiea, top of 
Lower Lias to Inferior Oolite, ex. H. cl<xvotxta. 

Belemnitella. Guard cylindrical, with a slit at the under 
side of the alveolus. Distinct vascular impressions on the 
under siufoce of the guard. Upper Chalk. Ex. B. mucroruUa. 
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Actlnocamax (=AtraeUliU9). Alveolus of guard either 
conical or broadly funnel-shaped, and either in contact with 
the |»otoconob o^y or suncunding only the apical part of the 
phragznocone. Front part of guard often fragile and foUaceous 
owing to imperfect oaloiflcation. Chalk. Ex. A. verus. Lower 
Chalk 

Forerunners of the Belenmitea are found in the Trias, where 
they are represented by AtractiU», Aulacocems, I>ictyocon\U 9 
and other genera. In these the phragmocone is long and 
slender, the septa are concave and far apart, and the siphunole 
is at the margin. It resembles closely the shell of the more 
elongate forms of Orthocenu, in some of which the siphiinole 
is near the margin. ItAtractitei (6g. 171 A), which ranges h-om 
the Lower Trias (perhaps also Permian) to the Upper lias, 
there is a small guard with a very large phragmocone. In some 
species of thiH genus the septa are less widely separated, and 
the phragmocone approaches more nearly that of the Belem- 
nites. In Aulacocenu (fig. 171 B) the guard is long, with a 
very deep alveolus, so that the main part of it fomos a sheath 
over the very long phragmocone. A pro-ostracum wm probably, 
preeent in these genera, but its presence has not yet been proved. 

Another allied group is represented by Phragmotetuhia in the 
Trias, and by Belermuttwthi$ in the Oxford Clay. In Phragmo- 
teuthU (fig. 171 G) the phragmocone is short and blunt, and 
the guard seems to be represented by a thin brown covering 
only: the pro-ostracum is twice the length of the phragmocone. 
BeUmnoteuthia is similar, but with a definite guard formed of 
a fibrous layer which becomes thicker towards the points The 
phragmocone is more elongated and the pro-ostracum relatively 
shorter than in Phragmoteuthi*. 

In the Tertiary the Belemnite group is represented by 
Belamnoaelia, Belemnoaia, BelopUra, Beloaepia and Vaaaeuria 
in the Eocene; Spirulirostra in the Oligooene and Miocene; 
Spindirottridium in the Oligocene, and £ptrultrosri*tna in the 
Miocene. 

In these genera there is a tendency for the guard to become 
relatively smaller than in most of the Belemnites, and for the 
posterior part of the phragmocone to be curved or spired. 
In BeUmnoaia the phragmocone is slightly curved. In SpinUi^ 
roatra (fig. 171 D) the curvature is more marked, and in this 


Fig. 171. A, diagruamatio longitodinal aectioa of Atraetitu, Triaa. 
B, Aulaeocerat, Triaa. C, PhragmoUuthis bitinvaia, Triaa (baaod on 
Sneea). x D, Spirulirotira, Miooentf. Spirvla, Recent. F, B<2oaei>»a. 
£ooene. G. dia^rammattoaeotionof-SepM (basedoo AppeUOf)- H, Belop- 
Ura (baaed on Naef}. g. guard; p, phrai^ooone; jk, pcotoconch; po, pro* 
oatracum; a, siphuncle. 
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respect it approaches iSptru2a (fig. 171 E) in which the phragmo* 
cone consists of a spiral of two and a' half whorls, with the 
eiphuncle at the inner margin and a large ovoid protoconoh, 
but the gxiard and {»o- 08 tracuro are absent. The shell is situated 
near the posterior end of the body. 

Btloaepia (fig. 171 F) makes an approach to Sepia owing to 
the rapid increase in the diameter of the siphuncle which ^us 
becomes fvmnel-shaped instead of tubular, and to the obliquity 
of the septa. In Sepia (fig. 171 0) the siphuncle is reduced 
to a hollow and the guard to a spine or muoro; the sheU con¬ 
sists almoet entirely of what appears to be the upper side of the 
phragmocone in wluch the septa 6ue very oblique and close 
together; the pro-ostracum is ecaroely distinct. 

Belopura (fig. 171 H) retains a relatively large guard of a 
stumpy log-like form with wing-like projections at the sidea 
It does not appear to lead on to any later form. 

Another group of the Dibranchs, the Teuthoidea, to which 
the calamary (Loligo) belongs, begins in the Lias (perh^M in 
the Rhtetio) and the early forms are allied to the !^lenmitee. 
In this group the shell or gladius consists mainly of the pro- 
ostracxim, which is partly calcified in the fossil forms, but homy 
in the living representatives. The phragmocone is rudimentary 
and often only pNresent in the young, and the guard is little 
developed. The genera Belopeltie and Belotetxthie occur in the 
Lias; OeoteuiAie in the Juraesic and Cretaceous. Bleeioteuihie, 
which ranges from the Upper Jurassic to the Chalk, is common 
in the Solenhofen Limestone, and consists of a long slender 
gladius with a very small guard. 


SUB-ORDER 2. OCTOPODA 

There are eight arms only; the suckers are sessile and possess 
no homy ring. The shell is rudimentary or absent. Octopus 
and Argonavia are well-known examples of this group. The 
Octopoda, as might be expected from the general absence 
of a shell, are very poorly represented in the fossil state; 
the earliest known form is PaUeoctopvs from the Chalk of 
Lebanon. ArgoTtauta has been found in the Pliocene Bpds. 
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Distribution of the Dibranchia 

The Dibranchia are more numerous and more varied in 
existing seas than they were at any former period. Some 
forms are pelagic, others abyssal, but the larger number are 
found in littoral regions and are distributed in provinoes 
similar to those of other molluscs (p. 298); typical littoral 
genera are Octopus, S&pia and Ldigo. 

The sub-order Decapoda is represented in the Trias by 
AtractiUs, Avlacoceras, Dietyoconites and Phrogmoteuthis. In 
the Jurassic and Cretaoeous Belemnites are the chief forms, 
and are especially abundant in argillaceous beds. Other 
Jurassic genera are Qeotesdhis and Beloteuthis in the Lias; 
BeUmnoteuthis and Plesiotevthis in the Upper Jurassic. 
Selemnitella and Actinocamax are limited to the Chalk. In 
the Tertiary Dibranchs are relatively rare, but several 
genera are found: Belosepia, Sepia, BelemnostUa, BeUmnosis, 
Beloptera, Spirulirostra, and Spirulirosirina. The living form 
Spirula is not definitely known to occur fossil. The sub¬ 
order Octopoda is represented by Palceoctopus (Chalk) and 
Argonauta (Pliocene). 
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The Arthropoda have a bilaterally symmetrical body,iormed 
of a aeries of segments (or somites), but the segments are 
not all alike, and some of those in front are fused together. 
Some, or all of the segments, bear a pair of jointed appen¬ 
dages or limbs, those near the mouth being modified to 
serve as jaws. A chitinous exoskeleton is always present, 
and is often strengthened by the deposition of carbonate or 
phosphate of lime; between the segments the integument 
remains soft and flexible, so that movement of the parts 
of the body is rendered possible. A heart is found in most 
forms; it is placed dorsally, and is provided with paired slits, 
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termed ostia. The body^cavity contains blood. In some 
forms respiration takes place by means of the general surface 
of the body; others are provided with special organs—gills 
(or branohise), trachess, or lung-books. The gills are generally 
thin projeotions of the skin borne by some of the appen¬ 
dages; the trachess are long, branching tubes, filled with air, 
which penetrate all parts of the body and open to the 
exterior; the lung-books are chambers containing leaf-like 
folds of the skin. The nervous system consists of a supra- 
cesophageal ganglion or brain, connected by a ring roimd 
the oesophagus with two ventral longitudinal cords, usually 
provided with ganglia, and placed beneath the intestine. 
The sexes are separate in the majority of forms. 

The Arthropoda are divided into the following Classes: 
(1) Crustacea, (2) Onychophora, (3) Myriapoda, (4) Inseota, 
(5) Araolmida. The (^yohophora include one genus only— 
Peripatus, which bM not been found fossil. 


CLASS 1. CRUSTACEA 

The Crustacea are mainly aquatic animals, and are abundant 
as fossils. They breathe by means of gills, or, when the exo¬ 
skeleton is thin, through the general surface of the body 
and by some of the limbs. The chitinous exoskeleton is 
frequently hardened by a calcareous deposit—hence the 
name Orustaoea. Segmentation is usually well marked, but 
in the Ostracoda is shown by the appendages only. The 
exoskeleton of a segment or somite consists of a dorsal part, 
the tergum, and a ventral part, the stemwn. In the higher 
Crustacea, three regions may be distingxushed in the body: 
the head, the thorax, and the abdomen; but in the lower 
forms the trunk is often not clearly differentiated into the 
thorax and abdomen. The segments of the head are fused 
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together, and include an anterior embryonic region to which 
tho eyes belong, and five segmente which bear appendages. 
Externally the segments (except in Trilobites) are indicated 
only by the appendages. Tho number of segments in the 
trunk (thorax and abdomen) is variable in the lower Ous- 
taoea, but is constant in the Malaoostraca. In many forms 
some or all of the segmente of the thorax fuse with those 
of the head, forming a ceph<Uathorax. In many Crustacea 
there is a dorsal shield or carapace which covers part, or 
sometimes the whole, of the body, and originates as an 
outgrowth from the posterior margin of the dorsal covering 
of the head. The head bears five pairs of appendages, viz.; 
tbe antennules, the antennse, the mandibles, ard two pairs 
of maxillm; the first two pairs are in front of the mouth, 
the last three behind it. The thorax is also provided with 
appendages, and often the abdomen too. The mandibles and 
mskxillffi, and frequently some of the anterior thoracic appen¬ 
dages, serve as jaws. The Crustacean appendage is typically 
biramous, consisting of a basal part (the protopodite) bearing 
two branches—the inner called the endopodite, and the 
outer termed the exopodiU (fig. 172, en, ex). The protopodite 
usually consists of two segments—a proximal or coxopo- 
dite (2), and a distal or baeipodiU (8). In some cases the 
exopodite disappears and the limb becomes uniramoue. 

Another form of appendage, which is common in the lower 
Crustacea, is the phyUopod type (fig. 173). In this the limb 
is usually broader and flatter than in the biramous type and 
the cuticle is thin. It consists of an axial part (fig. 173, 
bearing a row of lobes or endites on the inner side (2'-5', 6), 
and other lobes or exitee on the outer side {br,jlb). The basal 
endite commonly serves as a jaw or gnathobaee {gn). 

The mouth is on the under surface of the head, and the 
anus is on the last segment (the telson) of the body. Eyes 
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axe generally present, commonly a pair of compound eyes, 
and sometimes a median simple e 3 re; in many Cetacea the 
former are placed on movable stalks. The sexes arc separate 
except in most of the cirripedes and in some parasitic 
isopods. In the Malacostraca the genital apertures are on 




Fig. 172. 


Fig. 173. 


Fig. 172. Tho second thoracic limb of Anatpxdta. ea, endopoditc; 
tp, epipodite; esc, exopodite; 1-9, segments of endopodite; 2, coxa or 
coxopodits; 3, basis or basip^ts. (After Caiman.) 

Fig. 178. Tenth thoracic limb of Aput. br {ep), branchia (epipodite); 
^6 (sz), ftabeilnm (exopodite); gn, goathobase; 1-3, segments of the limb; 
2'-5', 6, endites. 


the sixth thoracic segment in the male, and on the eighth 
in the female; in the lower Crustacea (Entomostraca) the 
position of the apertures is variable. 

In some Crustacea development is direct, that is to say, 
the young individual has the same form as the adult; but 
generally this is not the case, the young undergoing meta¬ 
morphosis before reaching the adult stage. The two chief 
larval forms are kno«*n as the nauplius and the zoaa. In 
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the naupliuB the body is unsegmented, and possesses three 
pairs of appendages representing the two pairs of antenme 
and the mandibles. In the zo<ea stage some of the thoracic 
appendages are present also, and the abdomen is segmented 
but possesses no appendages. 

The Crustacea are divided into six sub-olaases: (1) Tri- 
lobita, (2) Branchiopoda, (3) Ostraooda, (4) Copepoda, 
(6) Cirripedia, (6) Malaoostraoa. The Copepods are not 
definitely known as fossils, but some evidence has been 
brought forward to show that the Carboniferous genera 
Cydtts and Halicyne may belong to this group. 

The first five sub-classes are usually grouped together as 
the ErUonoatraca, but they differ considerably from one 
another and are not united by the possession of important 
features common to all. In comparison with the Mala- 
costraca they are generally of simple organisation, usually 
with number of segments in the tru^ varying widely, 
and with the abdomen usually ending in a caudal fork; with 
the exception of the Trilobita they are generally of small 
size, and without a clear differentiation of the trunk into 
thorax and abdomen. A median unpaired eye is usually 
present. 

SUB-CLASS 1. TRILOBITA 

The Trilobites derive their name fiom the fact that the 
body is divided into three parts, by means of two furrows, 
which extend iiom the anterior to the posterior extremities; 
this trilobation is usually conspicuous, but in a few genera 
{e.g. B<malonoitu, lUcenus) it is indistinct or almost obsolete. 
The body is oval in outline, and flattened from above down¬ 
wards; it consists of the head (fig. 174 A), the thorax (B), 
and the pygidium (C). The segments of the head and of 
the pygidium are fused together, but those of the thorax 
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remain free. Traces of the alimentary are sometimes 
found in the middle or axial part of the Tiilobite. 

The dorsal surface of the body is protected by a strong, 
calcareous exoskeleton. Hie part which covers the head is 
known as the head^hieJd or cephalic shield, and is usually 



Tig. 174. Calymene tvberadata, from the Wenlock limeetone. DotmI 
•urfece. A, heed} B, thorax; C, pygidiom. a, glabella; a', axial furrow; 
b, one of the forrowt; b', nelsk-furtow, britind which is the neck* 

ring: d, facial sutuie; t, eye;/, fiwe cheek; g, fixed cheek; A, genal angle; 
t, axw of thorax; k, pleura. Natural site. 

semicircular or triangular in shape; in it may be distinguished 
a median and two lateral portions; the former is the more 
convex and is termed the glabella (a), the latter are the 
cheeks. The glabella is marked off from the cheeks by meam 
of a furrow on each side, known as the axial furrow (o'). 
The form and relative size of the glabella vary in different 
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genera; in some it extends quite to the anterior margin of 
the head-shield, in others only a part of the way (6g. 184) ^ 
sometimes it is wider behind than in front; in other cases 
it is wider anteriorly, or it may be of uniform width through¬ 
out; its convexity also varies oonsiderably—^it may be 
nearly flat, but is sometimes pear-shaped or spheroidal. 
The segmentation of the head is indicated by transverse 
furrows on the glabella (6)—often three on each side, occa¬ 
sionally four; in some oases the opposite furrows from the 
two sides meet at the middle of the glabella. On the pos¬ 
terior part of the glabella there is another furrow, wUch 
extends quite across it and is continued on the cheeks; 
this is known as the neck-furrow (6')i and the segment of the 
glabella behind it is the neck-ring. These furrows indicate 
the existence of at least five segments in the head. In primi¬ 
tive trilobites all the furrows are distinct, but in later forms 
there is often a tendency for some of the furrows to be 
reduced or to become obsolete (fig. 185). This reduction 
starts with the anterior furrow and extends backwards until, 
in a few cases, all the furrows disappear. 

The cheeks are more or less triangular in shape, and 
usually less convex than the glabella; they are frequently 
bordered by a flattened or concave margin which in Trinu- 
cleue and Barptc is very broad. The posterior angles of the 
cheeks, known as the genal angles {h), may be rounded 
{e.g. Calymene), but are often pointed or produced into 
spines, the genal spines {e.g. Paradoxides, fig. 183). Each 
cheek is usually divided into two portions by a suture (the 
facial suture, d)\ the inner part—that between the facial 
suture and the glabella—^is termed the fixed cdieek (g); the 
outer part, known as the free cheek (/), is slightly movable 
on the fixed cheek. The course of the facial suture, varies 
in diflerent forms: it may commence on the posterior border 
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inside the genal angle {the opisOwparian type, fig. 186), or 
at or near the genal angle (A), or on the lateral border in 
front of the genal angle (^e proparian type, fig. 187); it 
passes inwards to the eye and then bends forwards, and may 
be continuons with the suture of the other cheek in iix>nt 
of the glabella, or it may cut the anterior margin of the 
head'shield, in which case it is sometimes united with the 
suture of the other side on the inferior surface of the head 
(fig. 176, d). When the sutures are continuous in front of 
the glabella it is evident that the cheeks will also be con¬ 
tinuous. Since the position of the facial suture varies in 
different genera the relative sizes of the fixed and free 
cheeks will obviously vary too; thus in lUcmva the free 
cheek is veiy narrow, in PhiUipaia (fig. 190 B, C) very 
broad. The facial suture was probably of use in eodysis. 
Owing to the fusion of the fixed and free cheeks the facial 
suture is sometimes absent, e.g. some species of Acidaapi3\ 
this is probably also the case in Agnoitua, Microdiacua, 
Olenelius and a few other genera. When the facial sutures 
cut the posterior border of the head-shield the genal spines 
belong to the free cheek; but when they cut the lateral 
border the genal spines are continuous with the fixed check. 
The term cranidium is used for the part of the cephalic 
shield enclosed by the facial sutures, that is the glabella and 
fixed cheeks. 

The compound eyes (fig. 174, e) are on the upper surface 
of the head, one on each free cheek in the angle made by 
the facial suture; they are more or less conical with the 
summit truncated or rounded, and with the visual surface 
on the external part. The eyes usually consist of a large 
number of lenses—in Remopleuridea the number is stated to 
be 15,000. Usually the lenses are biconvex or globulin and 
adjacent to one another, but in Phacopa and its allies the 
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oyes are more highly developed, the lenses being separated 
by portions of the cephalic shield so that each appears to 
rest in a scjMirate socket. The eye is entirely oil the 
oheek, but rc.'its on a buttress or lobe on the adjacent part 
of the 6xed cheek (^o palpebral lobe). In a few Trilobites 
the eyes appear to be of a simpler type; for example, in 
Harpes each eye usually consists of two or throe lenses only, 
and in some species of Trintideua of a single lens; but it is 
probable that in such cases the eye is merely a degenerate 
form of compound eye. In a few Trilobites (Agnostue, 
Microdiscus, Ampyx, Conocoryphe, some 
species of Addaspis, Pkacops, etc.) eyes 
are absent; in such cases it is probable 
that the visual organs have been lost 
through disuse, just as is the case with 
some ^ustaoea at the present day which 
live at groat depths in the sea or in other 
places where no light can penetrate. ^ydoppfel^g. 

Thus it IS found that m some of the later Bed*. Natural sixe. 
forms of Phacops the eyes are reduced or 
have disappeared entirely. When eyes are absent the facial 
sutures also are usually wanting. In Cyclopyge. (fig. 176) the 
eyesareunusualiy large, occupying greater part of the free 

ciieoks, and sometimes extending on to the ventral surface; 
it is probable that this Trilobite was a pelagic animal which 
Hwam near tlio surface of the sea at night, but sank to con¬ 
siderable depths, where there was but little light, during the 
daytime. In many of the Cambrian Trilobites the eye itself 
is not found, but since the palpebral lobe is present it is 
rea.sonable to infer that it supported the visual organ, and 
that the absence of the latter is due to imperfect preserva¬ 
tion ; this view is supported by the recent discovery of the 
surface of the eye in a specimen of Oknellus irom the Lower 
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Cambrian. In Olendhu and its allies'(fig. 182) the eye is 
oresoentio in form and comes off from the side of the 
glabella; bnt when the eye is separated from the glabella 
there is, in many Cambrian and a few later Trilobites, a 
thread-like ridge, called the eye-line, which extends from 
the eye to the glabella (fig. 189, o—n). 

In some Trilobites a small tuberole-like projection is found 
on the middle line of the front part of the glabella; this is 


probably a visual organ and seems 
to possess a structure similar to that 
seen in the median unpaired eye of 
the Branchiopods and Ostracods. 

The head-shield is continued on 
the under surface of the head as a 



reflex«i border or margirral rirrr (fig. 

170,6); sometimes the facial sutures of he^d. a, hypoatome; 6, 


(c) are continued across this border, margmalrim;c,fMi*lftuture; 

and they may be joined by a trans- 

verse suture (d). Attached to the Barnmde.) 


border in the median line is a plate 

(a), usually oval or shield-shaped, situated in front of and 
below the mouth and known as the Aypostome or ladrum (fig. 
177). Just behind the mouth is the small lower lip-plato or 


mekistoma (fig. 179 A, m), which, up to 
the present time, has been found in 
Triarthrus only. \jfy' 

In many Trilobites a small oval or t'in.m. Hyportomeof 
elliptical area, sometimes slightly raised AtapAtu tyranntu, from 
like a tubercle, in other cases depressed, LUndeiio B«ds. x 
is found on each side of the hypostome just behind the 
middle of its outer surface (fig. 177); these maculie arc 


sometimes entirely smoorii, but in other cases a part, or the 
whole of the surface, shows a structure similar to that of 
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the compound eyes on the dorsal surface of the head, and 
such may have been visual oi^ans. Maculae are not known 
to occur in any other Crustacea. 


The thorax (fig. 174 B) consists of a series of segments, 
which vary in number from two to forty.two, end are 
movable upon one another, in some cases suflSciently to 
enable the animal to protect itself by rolling up like a 
woodlouse. Each segment is divided into a median and two 
lateral parts by means of 
two furrows. The median or 
axial part is more convex 
than the lateral, and forms 
the axis (<), the lateral parts Buriaoe of a thonMrfo 

known .* the 

(k). The anterior part (fig. furrow between axis and pleura; 

178, c) of the axis of each P^®®*"** *» fulcrum;/, facet; A, groove 
X . . . pleura, 

segment is not visible when 

the animal is unrolled, since it bends down and is over¬ 
lapped by the preceding segment, for which it forms an 



articular surface. The pleurae in some genera possess a longi^ 
tudinal ridge, in others a groove (A), or both ridge and groove 
may occur; a few forms have plane pleurae. Each pleura, at 
some distance from the axis, is curved downwards and 
usually also backwards; the point where this curvature 
occurs is known as the fulcrum («); sometimes the outer 
part of each pleura overlaps the anterior part of the sue- 
oecding one, and then the front part of the pleura beyond 
the fulcrum may be smooth and flattened so as to form an 
articulating surface of facet (/). The terminations of the 
pleura are in some cases rounded (fig. 178), in others pointed 
or produced into spines (fig. 183). 

The pygidium (fig. 174 C) is conunonly triangular or semi¬ 
circular in shape, and is formed of a variable number of 
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segments, which do not differ in any essential respect from 
those of the thorax but are fused together and immorablo; 
on the dorsal surface the segmentation is shown by grooves 
only. The pygidium, like the thorax, is divided into a median 
part or axis, and lateral or pleural portions. The conspicuous 
grooves on the lateral portions represent the grooves on the 
pleurae, and not the divisions between the segments. The 
axis may reach quite to the posterior extremity or only 
part of the way, and it tapers more rapidly than the axis 
of the thorax; in Bronieus it is very short. The margin of 
the pygidium may be even or entire, or may be provided 
wth a posterior spine or with lateral spines. This margin 
is bent under so as to form a border on the ventral surface 
similar to that on the ventral surface of the head. In a few 
primitive Trilobites all the segments behind the head are 
free so that there is no differentiation into thorax and 
pygidium. 

For a long time the appendages of the Trilobites were 
unknown. In the great majority of si^cimens, when the 
under surface is exposed, the only parts which are found 
to be preserved are the hypostome and the reflexed borders 
of the dorsal exoskeleton. But in roUed*up specimens of 
Calymene and CHeindrua, Walcott showed, by means of thin 
sections, that jointed appendages are present on the head, 
thorax and pygidium, and that the ventral surface of the 
body is formed of a thin, uncalcified cuticle, strengthened 
by transverse arches. 

Subsequently specimens in which the body is not rolled 
up, showing clearly the ventral surface with the appendages, 
were obtained from the Utica Slate (Ordovician) near Rome 
(New York) and from the Middle Cambrian deposits of 
British Columbia. The most important of these belong to 
the genus Triarthrua from the Utica Slate (fig. 179). Each 
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segment of the body, excluding the last (or anal), is found 
to bear one pair of appendages, which, with the exception 
of the first, are biiamous. On the head there are five pairs 



Fig. 179. Triartknu becki, from the Utica' Slate (Ordovician) near Rome, 
New Ycn-k. (After Beecher.) 


A. View of the ventral Burface ahowing appendagea, etc. A, hypoetome; 
m, metaatoma. x|. 

B. Diagrammatic aeotion through the aecond thoraoio aegmeni. a, eii> 
dop^ite; b, exopodite. 

C. Dorsal view of second thoracic leg. a, endopodite; b, exopodite; 
c, protopodite with gnathobase. Enlarged. 

of appendages. The first are the long antennie which are 
attached on each side of the hypoetome (h) and consist of a 
large basal joint bearing a flagellum formed of numerous 
short conical joints; these appear to be the only appendages 
in front of the mouth, and may represent the antennules 
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of other Crustacea. The remaining four pairs of appendages 
of the head are biramous and all appear to have nearly the 
same form but increase in size backwards; the second pair 
may represent the antenme, the third the mandibles, and 
the fourth and fifth pairs the maxillse of other Crustacea. 
Each maxilla consists of a large basal joint (the protopodite) 
which bears a stout endopodiU and a slender exopodiU; the 
latter carries a row of hairs or seta; the inner edge of the 
protopodite is toothed and served as a jaw (gnathobase); 
whilst the endopodite and exopodite assisted in locomotion. 

The appendages of the thorax are long, but gradually 
decrease in size backwards, and consist of a protopodite 
(6g. 179 C, c) bearing the endopodite (a) and the exopo 
dite (6) which are of nearly equal length. The endopodite 
is formed of six joints, and probably served as a swimming 
organ. The exoj)odite consists of a long basal joint followed 
by a part consisting of numerous short joints; it bears setae 
along its posterior edge and was probably adapted for 
crawling. The inner prolongations of the protopodites served 
as gnathobases. The limbs in each pair are widely separated, 
and in each segment the ventral cuticle between their bases 
is strengthened by a median longitudinal ridge and one or 
two oblique ridges on each side. On the poeterior part of 
the thorax some of the joints of the endopodites become 
dsttened. 

The appendages of the pygidium are similar to those on 
the posterior part of the thorax, but are more distinctly 
leaf-like owing to the flattening and expansion of the first 
segments of the endopodite which bear setss; the exopodite 
is slender. The anal opening is on the last segment (or telson) 
near the end of the pygidium. 

In specimens of Neolenw from the Middle Cambrian of 
British Columbia, Walcott has discovered the caudal fork; 


Pig. 180. NtdUniu umiuM, Middle Cembrien. Reetoration of Tentral 
aurfaee. A, antennulM; -^n, anus; C.r. caudal rami; Bn, endopodlte; 
Bp, epipodite; Ex, exop<^te; Hy, hypoatome; pr, protopodite; v.t. ventral 
integument. The Mice have been o^tted firam the appeodagee on the 
rigbt'hand aide of the figure. (After Walcott.) x f. 
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it oonsiatfi of a pair of jointed filaments coming off from the 
end of the pygidium (fig. 180. O.r.). In addition to the 
genera mentioned some of the appendages have been foimd 
also in OUnelltu. TrinucUus ajid Devonian apeciee QfPhacops, 




Fig. 181. OATBlQpznent of Trilobitea. (After 


H 



BarrAode.) 


A—D. 8ao hirtvia, Cambriao. Bohemia. A, protaepid stage, xl2. 
B, meraepid etage, with three aegmenU in the pygidium, xl2. 
with more distinct glabella furrows and four aegmente In the pygidium, 
X12. D, with four thoracio sagmenU and pygidial aegmente, x 10. 

E—H. Phaccp$ {Dalmmitina) toeiaiit, Ordovidan, Bohemia, x about 8. 
E, ^eet meraapid stage, with eyea at the margin, and three 
pygidial segments. F, later stage, with more distinct furrows on 
^e glabella, and four pygidial segments. 0, with eyes moved 
inward, and narrow free cheeks; with both thoracte and pygidial 
aegmente. H, free cheeks relatively larger and five thoracic and three 
pygidial segments. 


In some fine-grained deposits, especially in the Lower 
Pal»ow)ic rooks of Bohemia, the larval forms of Trilobitee 
are found well preserved, and by obtaining specimens of 
different ages it is possible to trace out the changes which 
occurred in the development of the individual. In the 
earliest or protaspid stage (fig. 181 A), the body is very 
convex or nearly globular with a discoid or ovate outline. 
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and oonsiste of a large cephalic region and a small pygidial 
part, but without any Me separating them; the axis is 
distinct, and is marked by furrows; the firee cheek, if present, 
is narrow. The glabella usually reaches the front margin 
of the head. In the next ortneroaptd (B, E) stage a transverse 
suture separates the head from the pygidium. The pygidium 
increases in by the addition of new segments in front 
of the last (or an^) segment; and the thoracic segments 
are gradually introduced between the head and the pygidium, 
and arise by the front segments of the pygidium becoming 
free (D,H). The eyes, which appear Brst at the margin, 
move backwards and inwards until they attain their adult 
position, and the free cheeks increase in size (H). The 
glabella may become rounded in front and relatively shorter; 
its furrowj beoome more distinct, indicating the existence 
of five cephalic segments. In some cases (C, D) the facial 
suture appears first at the lateral margin of the hcad*shield; 
in others (G) at the anterior margin. The hda»pid stage 
begins after the full number of thoracic segments has 
appeared. I>uring this stage further ^growth in size takes 
place, and changes occur in the form of the thoracic seg* 
ments and of the pygidium. 

The youngest stages of some of the OlenelUds are of 
interest since segmentation is shown on the cheeks by means 
of grooves which extend outwards from the glabella; in 
these forms the eye-lobe appears first as an outgrowth from 
the front segment of the glabella. 

The possession of antennas, and the biramous character of 
the other appendages, connect the Trilobites with the 
Crustacea. The great variability in the number of segments 
in the thorax and pygidium, the large hypostome, and the 
gnathobases on the thoracic appendages seem to indicate 
that the Trilobites are related to the Phyllopod group of 
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the Branohiopoda (p. 377), and espedaUy to Apus and 
Sranchipus; other features in which the two groups agree 
have been furnished by the discovery of the median unpaired 
eye and the caudal fork in Trilobites. But the Trilobites 
differ from the Phyllopods in the trilobation of the body, 
in the occurrence of a facial suture, and in the posterior 
segments being fused together to form a pygidium. In the 
character of their appendages the Trilobites are more primi¬ 
tive than the Branchiopods or any other Crustacea, 
all except the first pair are very similar in structure and 
show but little specialisation in different regions of the body, 
and all are deeply biramous. It is probable that all the 
trunk limbs served in swimming, feeding and respiration. 
Other primitive characters are seen in the indication of 
segmentation on the dorsal surface of the head, and in the 
presence of a pair of appendages on every segment of the 
body except the last. The Trilobites differ from other 
Crustacea in having only one pair of pre-oral appendages. 

In the general form of the dorsal exoskoleton and in the 
dorsal position of the compound eyes many Trilobites show 
a resemblance to the Xiphosura (p. 411); this may be due 
to adaptation to a similar mode of life rather than to any 
close relationship, since the essential morphological features 
of the two groups are distinct. 

The dorso-ventraliy flattened body, and the position of 
the eyes at the summits of the cheeks make it probable that 
most of the Trilobites were benthonic. The general similarity 
in form to lAmulus, especially in such genera as DalmaniUs 
and Homdlonoixu, suggests that they were able to burrow in 
the sand or mud in search of food in the same way that lAmu- 
lu8 does. A few,like(fig. 175)and Dtiphon (fig. 188), 
were adapted for swimming. Some, like Acidaapia, possessed 
numerous long spines which enabled the animal to float. 
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Agnostus. Body small, head-shield and pygidixun similar 
in form and size; eyes and facial suture absent: glabella does 
not reach the anterior border of the head, and has a small lobe 
at each of the posterior an^es. Thorax formed of 2 segments, 
axis wide, pleurte grooved. Segmentation not shown on the 
lateral parts of the pygidium. OUneUu* Beds to Bala Beds. 
Ex. A. pit^ormis, Lingula Flags. 

Mlcrodlscua. Similar to Agnostu* but with from 2 to 4 
segments in the thorax, and axis of pygidium with numerous 
distinct segments. OUneUua Beds to Lingula Flags. Ex. 
M. puneUUu$, 1/inguIa Flags. 

Trinucleus. Head-shield large, with long genal spines, and 
a broad flat, ornamented' border; glabella inflated, pyriform, 
furrows sometimes absent. Eyes generally absent. Facial suture 
absent or indistinct. Thorax with 6 segments, pleuris grooved, 
straight, but slightly curved near their extremitieB. Pygidium 
short, triangular, margin entire. Aremg to Bala Beds. Ex. 
T. concentriciu, Bala Beds. 

Ampyx. Similar to 'TrinttcUtu. Head-shield triangular, 
without a border, and with a long straight spine given off from 
the front of the glabella; facial sutxires near the external margin, 
not continuous in front; free cheeks very narrow. Arenig to 
Wenlock Beds (chiefly Ordovician). Ex. A. nuduSf Uandeilo 
Beds. 

Oleneltus. Head-shield large, semicircular, with a border 
and genal spines; glabella of nearly the same width throughout, 
the front lobe longer than the othcjrs; facial sutures not visible; 
eyes large, elongate, ciirved, joined to the front segment of the 
glabella. 14 segments in the thorax; pleurae grooved and 
produced into backwardly-curved spines; the third segment 
larger than the others and with longer spines. Pygidium 
elongate, spine-like, without lateral lobes. Lower Cambrian. 
Ex. 0. thompaoni. 

Mesonacls. Similar to OleneUua. Thorax elongated, tapering 
posteriorly, consisting of 16 anterior segments, behind which are 
10 shorter segments with the pleurae less well developed; the 
axis of the 16th segment bears a long backwardly-directed spine. 
Pygidium small, plate-Uke. Ix>W6r Cambrian. Ex..^.vemu>n<ana. 

Holmia (flg. 182). Similar to Otentlhu. A spine at the 
posterior margin of the head-shield between the glabella and 
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the geo&I spine. Thorez of 16 segmente, the third not enlarged; 
pleure produced into narrow, separated spines. A row of spines 
extends down the axis of the body from the neck-ring nearly 
to the pygidium. Pygidium atnall, plate-like, with indications 
of segments on the axia Lower C^brian. Ex. 



Fig* 182. Fig. 188. 


Fig. 182. Iqtmljl, lower Ounbrian. A, prgidiiun. Natural aize. 

(Afrer Holm.) 

Fig. 183. Parodoxidea davidit, from the Ifeneyian Beds, x 

Callavla. Similar to HoUnia. Qlabella nsurow, especially in 
front. Pleurte produced into broad spines. A long spine from 
the neck-ring. Lower Cambrian. Ex. C. brdggeri. 

Paiadoxides (fig. 183'. Body large, elongated, narrowed 
posteriorly. Head-shield broad, semicircular, with a border, 
and long genal spines; glabella broad in front, with 2 to 4 
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fuurrows on each side, eome of which are continuous aoroes. 
Facial sutures extend from the posterior to the anterior border. 
Eyes large and arched. Thorax long, of 16 to 20 segments; 
pleurae grooved and produced into long backwardly-directed 
spines. Pygidium very small, plate-like, its axis with 2 to 8 
segments. Middle Cambrian. Ex. P. davidis, Menevian; P. 6o- 
Cambrian. 

Olenus (6g. 184}. Body oval; bead-shield larger than the 
pygidiiim, with a narrow border, and with genal sf^es; ^abella 
not reaching the anterior border, and not 
expanding in fh>nt, usually with three pairs 
of furrows; facial sutures extend from the 
posterior margin (near the genal angle) to 
the front border; eyes a little in front of 
the middle of the chMks, and united to the 
front of the glabella by an eye-line. Thorax 
of from 12 to 16 (typically 14) segments; 
axis narrow, pleurc with short points, pig, ]g 4 , olaua 
Pygidium small, with 3 or 4 segments roelM.finm the Lingula 
indicated on the axis, azid with entire Flags. Natural size, 
border. Ung^ilg, Flags to Tremadoo Beds. 

Ex. 0. ^i&6osu«, 0. eataraeu*. Lingula Flags. Parabolitia, PtUura, 
ParabolintJia, Lqi>U>plaatiu, Eurycare, and Sph<9rop?Uhalmu$ are 
closely related to Olentis. 

Gonocorypbe (sC<moeeplialite«). Head-shield semioiroular, 
with a furrow inside the border, with genal spinee (not always 
preserved); axial furrows deep, glabeUa narrow in front and 
with 3 or 4 backwardly-directed furrows and a well-marked 
neck-furrow; free oheela narrow; eyes absent. Facial sutures 
begin just within the genal angles, and out the front margin. 
Hypostome convex, formed of a central oval portion sur- 
roimded by a narrow border. Thorax with 14 or 16 segments; 
pleura grooved. Pygidium small, margin entire, axis with from 
2 to 8 segments. Lower Cambrian to Tremadoc Beds. Ex. 
C. lyelli, C. auUeri, Lower Cambrian. 

Angelina. Body oval. Head-shield with long genal spinee, 
glabella parabolic, without furrows; eyes small, near the middle 
of the cheeks. Thorax with 14 or 16 segments, pleura faceted. 
Pygidium short, margin provided with two teeth, axis of 4 or 6 
segments. Tremadoc Beds. Ex. A. sedgtoicki. 
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Calymene (figs. 174, 176). Head'Shield seraiciroular, genal 
angles rounded, occasionally pointed; glabella infiated, broadest 
behind, with three pairs of lateral furrows separating three 
globular lobee on eaoh side. Eyes small, prominent. Facial 
sutures extending from the gen^ angles to the anterior border, 
where they are connected by a transverse suture below the 
margin. Thorax of 13 segments, axis prominent, pleurae grooved 
and faceted. Pygidium with 6 to 11 segments, margin entire. 
Arenig to Upper Ludlow. Ex. C. tuberctilaia, Wenlock Lime* 
stone. 

Homalonotus (fig. 186). Body large, elongated, with in* 
distinct trilobation. Head-shield broad, genal angles rounded, 
furrows on the glabella indistinct or absent. Eyes small. Facial 
suture passing from the genal angles to the front margin, and 
often continuous in front. Thorax with 13 segments; axis wide, 
not well marked. Pygidium triangular, axis with 10 to 14 seg¬ 
ments. Arenig to Devonian. Ex. H. delpkinoc^halua, Wenlock 
Beds; H. bisulcatut, Ordovician. 

Ogygla. Body oval, nearly fiat. Head-shield large, semi¬ 
circular, with a fiattened border; glabella distinct, wider in 
front, with 4 or 6 lateral furrows. Eyes le^ge. Facial sutures 
pass from the posterior border to the front margin, and are 
generally continuous at the margin. Free cheeks large. Hypo- 
stome not notched. Thorax of 8 segments, axis narrow, distinct; 
plevirsB grooved, usvially with pointed ends. Pygidium large, 
semicircular, margin entire, axis of numerous segments. Tre- 
madoo to Llandeilo Beds. Ex. 0. buchi, LlandoUo Beds. 

Asaphus (figs. 177, 186). Body oval, surface smooth or with 
etriffi. Heeid-shield large, semioiroular with a flattened border, 
genal angles roimded or spinose; glabella indistinctly defined, 
wide in front, with indistinct lateral furrows. Eyes large. Facial 
sutures pass from the posterior to the anterior margin and are 
generally continuous at the front margin. Free oheeks large. 
Hypoetome notched posteriorly. Thorax formed of 8 segments, 
axis rather broad, pleurse obliquely grooved, with rounded 
extremities. Pygidium of about the same size as the head, 
rounded, formed of numerous segments; margin entire. Trema- 
doc to Bala Beds. Ex. A. pewUi, A. tyrannus, Llandeilo. 
Sub-genus AsapheUM: hypostome not notched. Tremadoc Beds. 
Ex. A. homfrayi. 

VfT 
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Illnnus. Body oval, convex. Head-Bhield large, semioiroular; 
glabella indistmctly limited except near the posterior end, with* 



Fig. 186. 


Fig. 186. Homalonotus dtlphinoupkalMS, Silorian. KatnnJ aiza. (From 
Nickoboo.) 

Fig. 186. Aaaphut (yrsnfiiM, from the Llandeilo Beda. x 

out furrowB externally. Eyee remote from one another. Facial 
euturee commence on the posterior border, out the anterior 
border in front of the eye, and unite on the inferior sxirface. 
Free cheeks small. Thorax with usually 10 segments, axis 
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broad, pleursa neither grooved nor ridged. Pygidium large, 
semioiroular. axis indistinct, segments not visible externally. 
Arenig to Wenlook. Ex. I, daviai, I. bowmarmit Bala Beds. 

Gyclopyge {sz^glina) (fig. 170). Head-shield large; glabella 
large, convex, projecting ^yond the margin in front. Cheeks 
narrow; eyes very large, occupying nearly all the &ee cheeks. 
Facial sutures discontinuous, close to the glabella. Thorax with 
5 or 6 segments, axis broad, pleurte grooved. Pygidium rounded, 
axis short. Arenig to Bala Beds. Ex. C. binodoM, Arenig Beds. 

Bronteus (= Ooldius). Head-shield large, eeniiciroular, genal 
angles pointed. Glabella expanding rapidly in front, with 
3 lateral furrows in some species, none in others. Facial sutures 
start from the posterior border and are discontinuous in front. 
Free cheeks large; eyes crescentic, placed neex the posterior 
border. Thorax with 10 segments, pleura ridged. Pygidium very 
large, fan-shaped; axis very 8hort;lateral lobes large, with radiat- 
inggrooves. Bala Beds to Devonian. Ex. Devonian. 

Harpes. Form similar to Trinucleus, but border of head- 
shield broader, finely punctate, and extended posteriorly to 
near the end of the thorax instead of bearing narrow genal 
spines. Glabella short, convex, not expanded in front. Eyes 
consist of 2 or 3 lenses, Bud are usxiaUy joined to the front peu^ 
of glabella by an eye-line. Thorax with 22 to 29 segments; 
axis narrow, ple\ira long, grooved. Ordovician to Devonian. 
Ex. H. ungida, Ordovician. 

Phacops. Head-shield nearly semicircular; glabella promi¬ 
nent, broadest in front, with 3 or 4 furrows, which are sometimes 
indistinct; facial sutures commencing on the lateral borders of 
the cheeks in front of the genal angle, and continuous in front 
of the glabella. Eyes generally large, formed of large distinct 
lenses. Thorax with 11 segments, pleura grooved. Pygidiiun 
variable. Ordovician to Devonian. 

Phacop9, as defined above, may be divided into: 

Phacops (restricted): glabella inflated and expanded in front, 
with the two anterior fturows obscure. Eyes large. No genal 
spines. Siliuian and Devonian. Ex. P. siokesi, Silurian. 

Trimeroeephalus: ^abella furrows obscure or absent. Eyes 
small. No genal spines. Devonian. Ex. T. IcBvi*. 

Acaete: glabella not much expanded in front, edl the furrows 
distinct. Ordovician and Silurian. Ex. A. doumtnpia, Silurian. 

24'3 
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glaboUa greatly expanded in front, two ontorior 
fu^^o^vH large, two pouterior very small. With genal spineu. 
Ordoviciiin. Kx. C. <xnwphthalmu$t Bala Beds. 

J>ai»nanitt»: glabella not much expanded in front, all tlu> 
furrows diNtinct. Kyra large. Genal spines long. Pleurae often 
produced into spines. Silurian. Ex. D. caxidatus, Siluriitn. 



^g. 187. CAorums lAiitrNu. Silorukti batonu size. (From Nichob«/i sfter 
Barrande.) 

Fig. 168. i>e«/>Aoa/ortMt, Wenlock Shales. x3. (After Whittard.) 

Cheirurus (tig. 187). Head-ahiold semiciroular, genal angles 
pointed or with spines; glabella convex, oblong or ovoid, with 
throe pairs of furrows which are somotimcK continuous across, 
the last pair uniting with the neck-furrow. Facial sutures 
continuous in front and ending on tho external margins. Free 
ohcekM small; oyes prominent. Thorax with usually 11 segments, 
pletunr grooved, and produced into spines. Pygjdium small, 
with 4 svgmvntH, laterd lobes with backwardly-directed spines. 
'IVcinadoo t»» IXa-ontan. Ex C. articulatw, Devonian; 0. Wmt*- 
cro/tatM, Bal.i to Ludlow Beds; C. juvenia, Bala Beds. 
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Delphon (hg. 188). Qlabella glohiUar or ovoid without fur* 
rows. Fixed cheeks forming two long curved Free 

cheeks small, subtriangulnr. Thorax with 0 segmentH; pleurai 
in the form of frcfo spines. Fygidium short, IS st'grnenta, pro¬ 
longed into two spines on each side. Llandovery and Wenlook. 
£x. D, Jorb€»i. 

Sphaerexochus. Glabella large, spheroidal, with 3 pairs of 
furrows—the two anterior indistinct, the posterior curving 
backwards and joining the deep neok-furrow. Cluu«ks small; 
eye's small, near the axial furrow; facial suture starts from tlie 
genul angle. Thorax witli 10 segments; plouno without grooves, 
with roimded ends. Fygidium small, with 3 segments. Ordo¬ 
vician and Silurian. Ex. S. minut, Wenlook Limestone. 

Staurocephaius. Glabella with a spherical lobe projecting 
in front of the cheeks; the remainder of the glabella narrow and 
cylindrical with 2 pairs of furrow’s and a deep neck-furrow*. 
(!heeks very convex, with a flat border. Facial suture starts 
from the lateral margin and cuts the front margin. Eyes on 
stalks. Thorax witli 10 segments; pleurae ridged, produced into 
spines. Fygidium smEiIl, of 4 segmonts, with ploiuso produced 
into spines. Bala to Wonlock Limestone. Ex. 8. murchiaoni, 
Wenlock Limestone. 

EncrJnurus. Head-shield covered witlx tubercles; with a 
flat border, and pointed genni angles; glabella pyriform, con¬ 
fluent with the border in front, its fturows indistinct or absent; 
eyes small, on short pcduucU’S. Facial sutures continuous in 
front, ending just in front of the genal angles. Free clxceks 
narrow. Thorax with 11 similar segments, pleurae ridged. 
Fygidium narrow, triangular, with many segments in the axis, 
with 6 to 12 picunc bent backwards and diverging from the axis. 
Bala to Upi>er Ludlow. Ex. B. punctatus, Wenlock Umeetone. 

Cybele. Simitar to ^nermurus. Throe pairs of more distinct 
glabella furrows; border oontinuous in front of the glabella; 
genal angles usually rounded; facial sutures continuous in front. 
Thorax with 12 segments; pleunc of the first 5 with blunt ends, 
those of the remaining 7 produced into spines. Pygidium with 
4 or 6 pleurae which bend sharply backwards and converge 
towards the axis. Ordovician. Ex. C. verrucosa, Bala Beds. 

Llchas. Test covered with tubercles. Head-slueld convex, 
relatively small, with genal epines. Glabella broad, with a 
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oantral raiaed part, fuirowe directed backwards. FaoiaJ sutures 
pass from tbe posterior to the anterior border. Cheeks and eyes 
smail. Thorax with 9 or 10 segments; pleurs grooved, ending 
in rather long spines. Pygidium large, showing 2 or 3 segments, 
lateral parts produced into spinee. Llandeilo to Wenlook. 
Ex. L. anglicus, Wenlock. 

Acldaspla (fig. 189). Head-shield broad, its trilobation not 
well marked, with genal spines, and usually with spinee at the 
margin of the head; glabella with a pair of longitudinal furrows 
parallel to the axial furrows, and with two or three lateral 
furrows. Facial sutures start from the posterior margin j uat, wi 



Fig. 186. AcidaapU frmotti, from tbe Silariao. Head-shield. (After 
Barrande.) 1, 2, 3, ftrat, second, and third glabdla furrows (the first 
usually indistinct); a, central part of tbe glabella; e 6 n, huter furrow 
of glabella; o—v, neck-furrow; d—e—r, a^ fuirow; h—*, fixed cheek; 
0 , eye; o—n, eye-line; p, genal spines; q, spines horn neck-ring; r, neck- 
ring; s—/, facial suture; y, spinee. l^arged. 

tbe gerxal angle and out the front margin. Free cheeks large. 
Eyes connected with the ^abella by an eye-Une. Thorax with 
9 or 10 segments, pleurse with ridges produced into long spines. 
Pygidium small, with long spines. Llandeilo Beds to Devonian. 
Ex. A. barrandei, A. briffbti, Wenlook. 

PhllUpsla (fig. 190 B—E). Body ovalr glabella with nearly 
parallel sides, with 3 or 4 narrow lateral furrows, of which tbe 
posterior one curves backwards and joins the deep neck-furrow, 
thus cutting off a basal lobe. Facial sutures out the posterior 
border obliquely, and the anterior border in front of the eye. 
Free cheeks large; eyes large, reniform. Thorax with 9 segments, 
pleurs grooved. Pygidium eemicircxilar, with 12 to 18 seg- 
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ments, m&rgin entire. Devonian to Permian. Er. P. derbienais. 
Carboniferous. 

Proetus. Closely allied to Phidipaia but with fewer segments 
in the pygidium. Ordovidan to Permian, chiefly Devonian. 
Ex. P. fiatehari, Wenlook. 



Fig. 100. A. Oriffithidaa ^ohieapa. Carboniferous Limestone. B—E, Phil- 
liptia darbiantia. Carboniferous Limestone: D, hypostome; E, thorado 
segment. (From Niobdson, after Woodward.) x 1^. 


GrifUthldea (fig. 190 A). Body oval; glabella with inflated 
basal lobes out off by the posterior furrow, and without other 
lateral furrows; main part of glabella pyriform; eyes rather 
small. Thorax with 0 segments. Pygidium rounded, with e^ut 
13 segments. Carbooiferoxia Limestone. Ex. O. aaminiferua. 

DistrilnUion of the Trdobita 

The Trilobitee are confined to the PaJfleozoxc period, and 
form one of the most important and striking features in the 
faunas of the Lower Palseozoio deposits. They occur first 
in the Lower Cambrian Beds, and reach their maximum 
in the Ordovician. In the Silurian, Trilobites are still 
abimdant, but become leas important in the Devonian. Only 
one family survives from the Devonian into Uie Carboniferous 
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and is represented by four or five genera only. Trilobitee 
have been found in the Permian of Sioily, the Crimea, the 
United States, China, Timor and Western Australia. 

Already in the Cambrian period ^e Trilobitee were repre¬ 
sented by a considerable variety of forms, showing that even 
then the group mxist have been of considerable antiquity, 
but at present no traces of the ancestors of the Cambriui 
forms have been found. It is in the Cambrian System that 
we meet with the largest, as well as the smallest Trilobitee, 
t.g. Paradoxides and Agnostua. As a whole, it may be said 
that the Trilobitee which are confined to the Cambrian 
I}6riod are characterised by the possession of a large number 
of thoracic segments, and of a small pygidium (figs. 182, 
183); whereas, in the Ordovician, most of the characteristic 
genera have fewer segments in the thorax and possess large 
pygidia (fig. 186). 

The stratigraphical distribution of the more important^ 
genera is shown below. 

Lower Cambrian. Charaoterised especially by OUnellua and 
its allies {Mutmacia, Holmia, CaUavia). Agnoalua, Microdiacua, 
Radlidiia, etc. 

Middle Cambrian. Distinguished by Paradoxidaa. Other 
common forms are Agnoatua, Mierodiacua, Solenopleura, Centro- 
pleura, ConocoTyphe,Ar\tmeUua, Sao, EUipaocaphalua, Ogggiopeia. 

Upper Cambrian. Characterised by Olenue and its allies 
{Pa^olina, ParabolineUa, Sph(Brop}Uhalfnua, Peltura, Ctenopyge, 
Triarthrue). Dikelocaphaiue, Niobe, Anaeheirurua, Angelina, 
Aeaphellue, Oromatopue, Shumardia. 

Ordovician. Agnoetue, Ampyx, Trinucleua, Ogygia, Aaaphua, 
lUaenue, Cydopyge, Chaemopa, Calymene, CybeU, Lichaa. Ogygia, 
Aaaphua, Trinudeua and Ampyx are abtmdant. 

Silurian. Calymene, Homalonotue, lUanua, Phacopa, Dal- 
manitea, Acaate, Chetrurua, Deiphon, Sphccrexochua, Bncrinurua, 
Acidaapia, Proetua, Lichaa. Calymene and Phacopa are particu¬ 
larly abundant. 
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Devonian. Homalonolxu, BronUuay PhaeopSt Trimerocephdlxis, 
Cryphanu, Chtirunu, Proetua. 

Carboniferous. PhUlipaia, Oriffilhidaa, Brachym^opua. 

Permian. PhiUipaia {NeophiUipaia), Proatva (Naoproalua.) 

SUB-CLASS n. BRANOHIOPODA 

The Branchiopoda include the water-fleas (Daphnia, etc.) 
and other forms. The body, except in one group, is distinctly 
segmented, and often the greater part, or sometimes the 
whole, is covered by a carapace which may be shiold-like, 
as in Apvs, or in the form of a bivalved shell resembling a 
lamellibranoh, as in Eatheria (flg. 191); in some forms there 
is no carapace. The number of segments in the trunk varies 
very widely, there being in some cases as many as 42; but 
no satisfactory differentiation of these segments into thorax 
and abdomen can be recognised. 

On the head there are generally two pairs of antennee, one 
of mandibles, and one or two of maxillse; the maxillee are 
small and in some cases the second pair are absent. The 
trunk bears several pairs of appendages which are generally 
uniform in stnicture and of the phyllopod type; they are 
flattened and leaf-like and serve in swimming, feeding and 
respiration; their basal endites function as jaws (gnatho- 
bases). Some of the posterior segments of the trunk may 
be without appendages. The last segment of the body (the 
telson) generally bears a caudal fork, having the form of a 
pair of spine-like or plate-iike processes or of jointed fila¬ 
ments. A pair of compound eyes are usually present, and 
often also a simple unpaired median eye; the former are 
usually sessile, but in some cases are borne on movable 
stalks. 

The Branchiopoda live mainly in fresh water, but some 
are found in the sea, in salt lakes, and in brackish water. 
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Only a few genera are found fossil. The group is divided 
into four Orders, (1) the Anostraca, (2) the Notostraca, 
(3) the Conchostraca, (4) the Cladocera. The first three 
Orders are often grouped together as the PhyUopoda. The 
Cladocera are not definitely ^own as fossils. 


Order 1. Anostraca. The body is elongate and consists of 
numerous segments. There is no carapace. The paired eyes are 
stalked. The antenns are not biramous. A species which ap¬ 
pears to belong to the living genus ArUmia has been found 
in the Oligocene of the Isle of Wight. Other genera which 
may belong to thia Order occur in the Middle Cambrian of 
Britisb Columbia. Lepidoearis, from the Old Red Sandstone of 
Aberdeenshire, is closely allied to the Anostraca, but differs 
(1) in being without stalked eyes, (2) the antennse are large 
and biramom, (3) the clasping organ in the male is developed 
on the first maxilhe instead of on the antennee, (4) the trunk 
limbs are differentiated into two series, the first three being 
of the phyllopod type, the last eight biramous. 

Order 2. Notostraca. Carapace in the form of a dorsal 
shield covering the anterior part of the trunk. The antennules 
and antennte are much reduo^. Eyes sessile and close together. 
Caudal fork consists of jointed filunenta. The living form Apus 
has been recorded from the Permian of Oklahoma and from the 
Trias of Alsace. Lepidurui has been identified in the Trias of 
South Africa. The earliest repr es entative of the Order is 
Protocarit, which I'esembles Apus and is found in the Lower 
Cambrian of North America. A few other genera 


occur in the Middle Cambrian of British 

Orders. Conchostraca. Carapace forming 
a bivalved shell covering the entire body. Eyes 
sessile. Antenn* large and biramous. 

The principal genua is Estheria (fig. 191) in x3. 

which the valves are thin, homy; ovate, oblong 
or quadrilateral, united at the straight dorsal border; the surface 
is covered with concentric ridges or striis. Old Red Sandstone, 
Coal Measures, Permian, Trias, Wealden, Recent. Lives in fresh 


or rarely in brackish water. 
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SUB.CLAS8 in. OSTRACODA 

The Ostracods (%. 192) are indiatinctly segmented and 
generally of minute size. body is usually compressed 
laterally, and is completely enclosed in a bivalved carapace, 
which may be homy or c^careous. One valve is placed on 
each side of the animal, and the two valves are joined 
together dorsally by an elastic ligament which serves to 
open the shell; sometimes a hinge is formed by means of 
interlocking teeth and ridges; an adductor muscle passes 



Fig. 192, L&teral view of caiufuta. (After Zenker.) 1, antennulee; 
2, enteons; 9, mandiblee; 4, first mexilUe; 0, second maxilUe; 6, 7, flrtt 
and aeoond pain of lega; 8, tail; 9, eye. Enlarged. 

from the interior of one valve to the other and by its con¬ 
traction the shell is closed; usually the muscular impression 
can be seen from the outside. There are seven pairs of 
appendages, which can bo protruded when the shell is 
opened. In some of the marine forms the shell is notched 
anteriorly so as to allow the antennie to pass through when 
the shell is closed. The head carries two pairs of large an- 
tenncB which are used for locomotion, one pair of mandibles, 
and two of mazillse; the mandibles have a palp, usually 
large, which is not present in the Branchiopoda. The trunk 
has two pairs of appendages, which are not of the phyllopod 
type; the posterior part is without appendages and terminates 
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in a caudal fork. A simple unpaired median eye is usually 
present and sometimes lateral compound also. Respira* 
tion takes place by moans of the general surface of the body. 
The carapace Is in almost all cases the only part which occurs 
fossil, but specimens of PdUzocypris with the appendages 
])rcsorvod have been found in the Coal Measures of St 
l*^tienne. The surface of the carapace may bo smooth or 
variously ornamented. 


Leperdltla. Carapace thick, smooth, convex, sub-oblong, a 
little higher posteriorly. The right veJve larger than the left, 
and overlapping its ventral edge. Hinge-line straight; ventral 
margin rounded. There is a small tubercle (‘eyo-spot’) placed 
atiteriorly near the hinge; and posterior to it is a circular 
muscular imprint, sometimes visible on the exterior. Ordo¬ 
vician to Devonian. Ex. L. hisingtri, Siliirian. 

Prlmltla. Carapace generally equivalve, convex, oblong or 
ovate. Hinge-line straight. Each valve has a transverse suloua 
which starts from the hinge-line. Ordovician to Permian. Ex. 
P. atrangxUataf Bala Beds. 

Beyrlchla (fig. 163). Carapaoe elongated, inflated, posterior 
border a little higher than the anterior; dorsal border straight, 
ventral border semiciroular. Two or three 


large furrows pass from thedorsal towards 
the ventral edge; the parts between the 
furrows are convex and often tuberculate, 
thomiddlepartbeingthesmalleat. Silurian 


tP 


and Devonian. Ex. B. kladeni, Llandovery. 

Entomis. Carapaceequivalve,aImond- 
shaped, with a deep transverse furrow 
which posses from the dorsal border (a 
little in front of the middle) towards the 


Fig. 193. BtyrickUi {Tet> 
radtUa) eompUcata, Bala 
Beds. The lower figuro 
■hows the dorsal aspect 
ofthe united valves. x2. 


ventral border. Surface smooth or with 


raised lines. Anterior margin notched for the passage of the 
antennn. Silurian to Permian. Ex. E. iuberosa, Silurian. 

Gythere. Shell oblong-ovate or subquadrate, highest in 
hnont; smooth or ornamented with pits, spines, or ridges. Hinge 
with teeth anteriorly and posteriorly. Permian to present day 
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{chiefly Cretaceous and later). Ex. C. utriato-pvnctata. Eocene; 
O. punctata. Pliocene. 

C}rprl8 (flg. 192). Carapace thin, smooth or punctate, kidney* 
shaped or oval; ventral edge often concave. Left valve the 
larger. BQnge without teeth., Tertiary to present day. Fresli 
water. Ex. C./o&a, Miocene; C. gihba, OUgooene to present day. 

Cyprldea. Valves ovate*oblong, convex in the middle, 
broad at the anterior tliird, narrower behind; with a notch at 
the anterior ventral angle l^hind a beak-Uke process. Surface 
smooth, punctate, or tuberculate. Hinge-margin straight, along 
the middle third of the dorsal edge. Left valve the larger. 
Purbeck, Wealden, and Oligocene. Freeh water. Ex. C. valden- 
»is, Wetdden Beds, etc. 


DUtribiUion of the Oatracoda 

The Ostracods have a very wide distribution at tho present 
day; many forms are marine, and some are abundant in 
fresh water. The marine forms often occur in shoals; some 
are pelagic, but others live on the seafloor and are more 
abundant in shallow than in deep water, only Afty^two 
species being found beyond the 500 fathom line. 

The fossil forms are very numerous, the earliest occurring 
in the Upper Cambrian. Leperditia, Primitia, and Beyrichia 
are abundant in the Ordovician and Silurian; JBntcmia in 
the Devonian; and Cypridina and Bairdia in the Carboni¬ 
ferous. Cypndta is oommon in the Purbeck and Wealden 
Beds; and Cyihtrt in the Tertiary formations. 


SUB-CLASS V. QIRBIPBDIA 

The Cirripedes include the barnacles, acom-shells, etc.— 
forms which differ considerably in appearance from the 
other crustaceans and were for a long time regarded as 
molluscs. The body is completely enclosed in a ‘mantle’ 
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formed by a fold of the skin, which oommonly secretes a 
calcareous shell. The animal, in the adult state, is fixed 
to a foreign object by the anterior end of the head, either 
directly or by means of a muscular peduncle. 'IDie seg¬ 
mentation of the body is indistinct. The head bears one or 
two pairs of antennse (the second pair usually absent in the 



Fig. m. Fig-186. 

Fig. 194. I^pa 4 Autrolw, R4c«nt. o, scntwn; 6, tergwa; e, euins; 

d, pedande. Nateml Bisa. (After Darwin.) 

Fig. 195. PnwemKa wneslwn. Upper Chalk (Seoonian). c. carin*; 

e. L earinal Utoa; r. roetnim; r.L roetral latiu; moTable ecutuni; 
fj. Axed ecotom; mJ, moTable tergum;/A Exed tergnm. (After Withere.) 

adult), one pair of mandibles, and two pairs of maxill®. 
The trunk has usually six pairs of biramous feathery limbs 
(or ‘cirri’) which serve for collecting food. The posterior 
part of the trunk (abdomen) is much reduced and without 
appendages. Heart and vascular system are absent; nearly 
all forms are hermaphrodite. The shell consists of several 
pieces, the number and arrangement of which are of great 
systematic importance; in Zepag (which possesses a peduncle) 
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there are five, two are placed on each side of the body, 
those near the peduncle being termed the acula (fig. 194, a), 
those at the upper end the terga (6), and there is also one 
unpaired part placed dorsally, the carina (c). In some 
genera the peduncle is covered by rows of scale^like plates. 
Balanua has no stalk; its shell consists of a tube or truncated 
cone formed of six pieces, at the top of which the scuta and 
terga are placed and form an operculum. In Cirripedes in 
which a peduncle is present the remainder of the body is 
known as the capiivlum. 

Distribution of the Cirripedia 

The Ci)irripedes are all marine, and the greater number are 
found in shallow water, particularly near the coasts, Balanus 
being especially characteristic of littoral regions. At depths 
greater than 1000 fathoms, only two genera, ScalpeUum and 
Verruca, have been found, and these are not confined to 
deep water. 

The earliest undoubted Cirripedes at present known is 
Prcelepas fiom the Middle Carboniferous of the Donez and 
Kusnetzk basins of Kussia.^ In England the earliest form 
is Eoi^pas which appears in the Rhsetic and continues into 
the Upper Jurassic. In addition to this genus, Archoeolepas 
and a few others are found in the Jurassic. In the Cretaceous 
there are various stalked Cirripedes such as Zeugmatolepas, 
Calantica, CreiiscalpeUum, ScalpeUum {ArcoscalpeUum, Virgin 
scalpeUum) and Stramentum (ssLorictUa). From the Car* 
boniferouB to the Lower Cretaceous all the Cirripedes are 
stalked forms. It is not until the Upper Cretaceous that we 

^ Bchalanut from the Upper Ordovicuii, HencUpaa from the Upper 
Silatian, and Protcbalanua and Palaocreuaia from ^ Middle Uevonian 
have bew regarded as Oirripedee, but their relationship to this group is 
far from being established. (See also p. 186). 
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find sessile Cirripedes, represented by the genera Pwvermea, 
Verruca, Pycnokpaa, Brachykpaa and Calopkra^ua {Pachy- 
diadema). There is evidence to show that three separate 
groups of sessile Cirripedes have been derived independently 
from stalked forms. Provermca, from the Chalk (fig. 196), 
is of interest since it forms a link between the stalked 
Scalpellids and the sessile Verrucidae. In the Tertiary Cirri¬ 
pedes are more numerous than in the Mesozoio. Balanus 
and Lepaa appear in the Eocene. MiteUa (s^PoUieipea) is 
not known for certain as a fossil. 


SUB-CLASS VI. MALACOSTRACA 

The Malaoostraoa are usually of larger size than the Crustacea 
belongmg to the four preceding groups. With the exception 
of the Leptoatiaca, the number of segments is constant, 
there being eight in the thorax, and six in the abdomen 
(not including the telson), making altogether twenty seg- 
menU in the body. The abdomen is clearly marked off from 
the thorax by the character of the appendages. In many 
cases the development is direct, the young having the same 
or nearly the same form as the parent, but usually larval 
stages occur; the principal larval form is the zoaea, but a 
naupUus stage may also occur. 

In many groups of the Malacostraca a dorsal shield or 
carapace is present, and usually coalesces with the terga of 
some or all of the thoracic segments (fig. 203,6—c). The telson 

(e)_a median plate at the end of the abdomen—does not 

terminate in a caudal fork except in the Leptostraca. Each 
segment of the body, except the telson, usually carries a pair 
of appendages. The antennules (unlike those in the preceding 
groups) are biramous. In some of the Malacostraca the 
thoracic appendages are all biramoiw; but often, with the 
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exception of some of the anterior appendages, they are 
uniramous, the exopodites being absent. One or more (often 
three) of the anterior appendages of the thorax are modified 
so as to function as jaws, and are known as maxiUi'pede6\ 
the remainder of the thoracic appendages are used in looo- 
motion. The appendages of the abdomen are biramous; the 
first five pairs are swimming legs {pleopods)-, the last pair 
{the uropods, fig. 203,/) are flattened and commonly form 
with the telson a tail-fan. In the Malacostraca the position 
of the genital apertures is constant (p. 351). A pair of 
compound eyes are usually present. Calcareous ossicles are 
developed in the stomach forming a * gastric mill*. 

There are five Orders of the Malacostraca: (1) Lepto- 
straca, (2) Syncarida, (3) Peracarida, (4) Eucarida, (6) Hop- 
locarida. 

ORDER I. LEPTOSTRACA (PHYLLOCARIDA) 

The Leptostraca differ in several respects from all the other 
Orders of the Malacostraca, and possess characters which 
connect them with the Branchiopods. Only four genera are 
now living, of which the commonest is N^xUia; they are 
small shrimp-like Crustacea, with the body laterally com¬ 
pressed. A large bivalved carapace (fig. 196, m) covers the 
head, the thorax, and some of the abdominal segments, but 
is united to the head only; the two valves are connected 
by an adductor muscle (p) just as is the case in the Ostracods 
and many Branchiopods. In front of the carapace is a 
movable plate or roetrum (a). There are eight segments in 
the thorax (r-<), seven in the abdomen (u-l), and a telson 
carrying two pointed processes—-the caudal fork (1). There are 
nineteen pairs of appendages, as in the Malacostraca; the 
head bears the antennules (c) and the antenn® (d), one pair of 
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mandibles (n), two of maxilla ( 9 , 0 ); on the thorax there are 
eight similar pairs of limbs (/) which are leaf-like and re¬ 
semble those of Branchiopods; the abdomen has six pairs of 
appendages, the first four being large biramous swimming 



Fig. 196. PeawiAdlia longipa, Reoeat. (Aft«r Ssn.) x 13. a, ro«t>nun; 
b, eye; c, antenaule; antenna; e, mandibular pi^p; /, la«t thorado 
1^; g, fint abdominal lag; A, A, rudimentary limba of fifth and aixth 
abdominal aagmente; I, one half of the caudal fork; m, cephalic part 
of carapace; n, mandible; 0 , aeoond maxilla; p, adductor muiclo of 
carapace; g. first maxilla; r, fint eegmeot of thorax; t, ovary; t, laat 
•egment of thorax; «, first abdominal segment. 


legs is)> fbe last two small and uniramous (A, k). The last 
abdominal segment is without appendages. The eyes are com¬ 
pound and stalked. The mandible bears a long, three-jointed 
palp (e). The anus opens on the telson between the two 
branches of the caudal fork. 

The Leptostraca agree with the Malacostraca in. having 
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the abdomen and its appendages clearly marked off from 
the thorax; in the position of the genital apertures; in 
possessing eight segmento in the thorax; in having nineteen 
pairs of appendages; and in the occurrence of a masticatory 
stomach. They differ from the Malaoostraca in the bivalved 
carapace with an adductor muscle; in the possession of leaf¬ 
like thoracic legs, of seven abdominal segments, and a 
caudal fork. From most of the Malacostrs^ they are 
further distinguished by the presence of a movable rostrum, 
and by all the segments of the thorax being free. The group 
of the Malaoostraca to which the Leptostraca seem to bo 
most nearly allied is the Mysidss—a family of the Mysidaoea 
(p. 391). 

In the characters of the carapace and of the thoracic 
logs, and in the presence of a caudal fork, the Leptostraca 
resemble the Br^ohiopoda. But they differ from them in 
the clear separation of the thorax from the abdomen; in 
the j>o88e88ion of a rostrum and a mandibular palp; and in 
the long antennules. Stalked eyes are found in some 
Branchiopoda and in many Malacostraoa. 

The Leptostraca are clearly generalised types, and are 
probably to be regarded as the last survivors of a primitive 
group of Crustacea. No representatives of the Order have, 
however, yet been discovered in post-Triasaio rooks; but a 
number of Crustacea which closely resemble the living 
Leptostraca in the form of the body, with in some cases a 
movable rostrum, are found in the Paleozoic formations; 
they differ, however, in being much laiger, and, usually, in 
the caudal fork consisting of more than two spine-like pro¬ 
cesses. Except in the genus HymenocarU the appendages 
of these Paleozoic forms are almost unknown, and con¬ 
sequently it is difEicult to determine their affinities satis¬ 
factorily. Masticatory organs in the stomach are stated to 

85*3 
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occur in some of the fossil forms. Some of the principal 
Paleozoic genera are described below. 

Hymenocaris (Hg. 197). Carapace eemi-oval, smooth, not 
bivalved. Eight trunk-segments exposed, with four to six 
caudal spines. Lingula Flags. Ex. H. vermicauda. 

Ceratiocarls. Carapace bivalved, often marked with stris, 
sub-oval, narrow in front, truncated behind and with a lanceo¬ 
late rostrum in front Thorax and abdomen formed of fourteen 
or more segments, the first seven or more being covered by the 



Fig. 197. Fig. 198. 


Fig. 197. .ffyTMnoeom wrnueawia. Lingula Flags, 

Fig. 198. Cttryoearit curvtiaius, Lower Ordoridan. Restoration. Natural 
sixe. (After Ruedemaan.) 

carapace; telson long and pointed, with two lateral spines. 
Tremadoo Beds to Upper Silurian. Ex. C. sti/ffia, C. pc^lio, 
Ludlow Beds. 

Caryocarls (fig. 198). Carapace bivalved, pod-like, narrow, 
smooth, round^ at one end, tnucated at the other. Arenig 
Rocks. Ex. C. vri^Ui. 

Dlthyrocaris. Carapace large, bivalved, witlt a narrow, 
anterior notch; rostrum unknown. Each valve semi-oval, trun¬ 
cated behind, with a median longitudinal ridge; another ridge 
at the dorsal margin where the valves join. Surface often with 
pits or granules. Exposed part of abdomen short, with a narrow, 
sharply-pointed telson bearing on each side a spine-like ap¬ 
pendage. Devonian and Carboniferous. Ex. D. colei. Carboni¬ 
ferous. 

Dlsdnocaiis. C^pace sub-ciroular, slightly convex, formed 
of one piece with a notch in front in which the triangular 
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rostrum is placed. Surface with concentric linear ridges. 
Silurian. Ex. D. bronmianoy Llandovery. 

Aptychopsls. Similar to the last, but carapace divided into 
two parts by a median suture which starts from the rostral 
note^ Silurian. Ex. A. lapworthi, Llandovery. 

Distribuiion of tht Leptoatraca 

The Leptostraca are all marine, and live mainly in shallow 
water or at moderate depths. In Britain the earliest repre* 
sentative is Hymenocaris, found in the Lingula Flags; 
Ceraiiocaria appears in the Tremadoc Beds, but is most 
abundant in the Silurian. Caryocaria is characteristic of the 
Arenig Rooks. Aptychopaia and Diacinocaria occur in the 
Silurian. Echinocaria and Nahecaria are found in the 
Devonian; DUhyrocaria in the Carboniferous; and PatUocaria 
in the Permian. Aapidocaria (similar to Diacinocaria), and 
Austriocaria have been recorded from the Trias. 

OBDBR IL SYNCARIDA 

The Syncarida arc a small group of primitive Malacostraoa, 
the living representatives of which are found in fresh water 
in Tasmania, Victoria and Europe, and belong to four 
genera of which the best known is Anaapidea (6g. 199). 
The body is elongated and without a carapace, and is 
remarkable for the fact that all the thoracic segments are 
distinct, but the first is fused with the head. All the thoracic 
legs are similar in general character, and all, except the last 
one or two, are biramous; their coxopodites bear externally 
two rows of plate-like gills (fig. 172, ep), but these have not 
been found in fossil specimens. The abdomen is large, and 
the first five pairs of appendages consist of long, many- 
jointed exopodites and small endo{>odite8; the appendages 
of the sixth segment form with the telson a tail-fan. 
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Fosfnl ropreflentfttive-8 of the Syncarida, closely resembling 
the living forms, are found in the (larboniforous and Permian 
dopoMitd; the general VaifFocaiia {* i*TaMna»pide9) and Acan- 
ihoUUon occur in die former, and Urontde^ {•*Gamp9onyx) 
in the latter. The principal feature in which PalcBocaris 
differs from the living Anaspides is in the short, wedge- 
shaped first thoracic segment which is bounded in front by 
n groove. 



Fig. 189. Recent TssmAniA. e.gr. *oervicalgroove'; 

ir, viu, Kcond sod eighth thoreeic •omttes; 1,0, hnt and aixth abdominal 
oomitcfi. kS. (From Woodward, 1908.) 


ORDER m. FERACARIDA 

The Peracarida are Crustacea in which a carapace may or 
may not be present, but when present it leaves not less than 
four of the thoracic segments free. The first thoracic segment 
is always fused with the head. The eyes may be either 
stalked or sessile. In the female a brood-pouch (fig. 200,6d.p.), 
for the protection of the eggs and the young, is formed by 
overlapping plates known as ooet^tes which are attached 
to the basal part (coxopodite) of some or all of the thoracic 
limbs. The Peracarida are divided into (1) Mysidacea, 
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(2) Cuinacea, (3) Tanaidacea, (4) Isopoda, (5) Amphipoda. 
Of these 8ubK>rder8 the Ciimaoca and Tanaidacea are not 
known ae fossils. 

8UB.ORDKR I. MYHIDAOHA 

A carapace is present and covers the greater part of the 
thorax (fig. 200), but does not coalesce dorsally with more 
than three of the thoracic segments, so that at least five 



segments remain free. The eyes, when present, are stalked. 
The thoracic limbs, except sometimes the first and second 
pairs, are biramous, the exopodites being used in swimming; 
the first and second pairs of these limbs are modified as 
maxiUipedes. A tail-fan is formed by the lamellar appen¬ 
dages of the last abdominal segment. 

Living Mysidacea, with a few exceptions, are marine, and 
many of them are pelagic. The fossil forms which have been 
referred to this group arc found mainly in tl»c Oarlwniferous 
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rocks, especially in the south of Scotland where they are 
sometimes numerous; the principal genera are PygocephtUxu, 
AnthrapeUoimon, PteudogakUhea, Crangopsia (fig. 201), and 
TeaUiocaria. Schimperelia £rom the Trias, DoQocaria and 
Kilianicaria from the Callovian, and Francocaria from the 



Fig.201. Crongoptittccialu, Carboniferou*. (AfterPeach.) al.anteaniile: 
ai, antenna; e, eye; ea, endopodite of thoracic leg; ex. exopodite; pi, fifth 
abdominal leg; t, teleon; a, uropod; 1, fiiet abdominal segment, x l^. 

Portlandian probably belong to the Mysidacea, but no 
representatives of the group have yet been found in later 
deposits. The only fossil form in whicti the brood-pouch has 
been discovered is Pggocaphalua. In the Upper Devonian 
Pakeopalcamon is found, and may belong to this group. 

SUB-0Rr>ER IV. ISOPODA 

In the Isopods (fig. 202) the body is usually flattened dorso- 
ventrally. There is no carapace, but the first thoracic seg¬ 
ment (occasionally also the second) is fused with the head. 
The eyes are ses^e. The thoracic appendages are without 
exopodites; the first pair are maxillip^es, the other seven 
are walking legs and are sometimes similar in size and form— 
hence the name Isopoda. The abdomen is often short, and 
usually some or all of its segments are fused together and 
with the telson. There is no tail-fan. Some of the abdominal 
appendages function as gills. 
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Many Isopods are marine, but some are found m fresh 
water, whilst a few live on land {t.g. the wood-louse, Oniscits 
(uellus). Manyfonns are parasitic and infest 
iish and Crustacea. 

Fossil Isopods are rare. Some PaJseozoio 
forms (such as Oxyuropoda and Proearctunu 
from the Old Red Sandstone) have been 
referred to this group, but their systematic pjg AnJuxih 
position is doubtful. Undoubted examples nwcM broiiei, from 
of this Order are found in Mesozoic and 
later formations. PArfioioictts, a fresh-water ^ • 

Isopod living in Australia, New Zealand and South Africa, 
has been found in the Trias of Queensland. Other fossil 
forms are Cydo^pheeroma in the Great OoHte and Purbeok- 
ian; Urda from the Solenhofen Limestone and Gault; 
Archaoniscua (fig. 202) in the Purbeckian; Pdlcega in the Lias, 
the Middle Jurassic, the Cambridge Greensand, the Lower 
Chalk and foreign Tertiary; and Eoaphaeroma in the Oligocene 
of the Isle of Wight. 


SUB-ORDER V. AM PH IPOD A 

The Amphipoda {t.g. Oammarua, Taiiirua) are usually of 
small size, and generally the body is compressed from side 
to side. Just as in the Isopods, there is no carapace, and the 
first thoracic segment (sometimes also the second) fuses with 
the head. The thoracic appendages have no exopodites; the 
first pair are maxillipedes; the appendages of the seven free 
segments bear the gills, and are divisible into an anterior 
group of four in which the terminal parts of the legs are 
directed backwards, and a posterior group of three in which 
the terminal parts are directed forward. The abdomen is 
usually elongated and carries six pairs of appendages; the 
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three anterior serve for swimming, the three posterior for 
jumping. The eyes are sessile. 

Some of the Amphipods are marine, others live in fresh 
water. The marine forms have a wide distribution, and are 
very numerous, especially in shallow water, and in Arctic 
and Antarctic seas. 

Fossil Amphipods are very rare. A few Arthropods from 
PaUeozoic formations have been referred to this group, but 
their systematic position is uncertain. Undoubtedly Amphi¬ 
pods are found in the Tertiary formations and belong mainly 
to genera which are still existing (e.p. Oammarw from the 
Miocene). 

ORDER IV. EUCARIDA 

The carapace fuses dorsally with the thoracic segments. 
The eyes are stalked. There is no brood-pouch. The Euoarida 
are divided into two sub-orders, (1) the Euphausiacea, 
(2) the Becapoda. The first is not known fossil. 

SUB-ORDER IT. DBCAPODA 
The Decapoda include lobsters (fig. 203), crayfishes, crabs, 
etc. The carapace (o-c) is large and well developed, and 
covers all the segments of the thorax (6>c); frequently 
it is marked out into an anterior and a posterior portion 
by a transverse groove—^the cervical cvlcus (6). The carapace 
is often produced in front into a rostrum (a). The gills are 
connected with the bases of the thoracic appendages and 
to the lateral walls of the thoracic segments, and are placed 
in a chamber on each side of the thorax formed by the 
downward prolongation of the carapace. The appendages 
on the head are (1) antennules, (2) antennse, (3) mandibles, 
(4,5) maxlUfe; the last three pairs serve m jaws. On the 
thorax the first three pairs of limbs are modified as maxilli- 
pedos; the posterior five pairs (k-o) arc the amb\iIatory 
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limbs or ‘pert^ypoAi, which, in most cases, are uniramous 
owing to the absence of the exopodite; they consist of seven 
joints, and, commonly, some of them terminate in i)incerH 
or ckeliz. The name ‘Decapoda*. is taken from these five 
pairs of ambulatory legs. The abdomen bears six, or fewer, 
pairs of appendages; the last pair (the uropods, /) are often 
flattened and form with the telson (s) a tail-fan. The eyes 
are compound and stalked. Most of the Decapod Crustacea 
are marine, the larger number living in shallow water; but 



Fig. 203. Olyphta rt^tyana, Oxfordian, a, rostrum; a-<, oephalothorax; 
b, oervicat sulcus; o-s, abdomen; d, sixth abdominal segment; e, telson; 
/, appendage (uropod) of sixth abdominal segment; ff, eye; A*o, appen¬ 
dages of cephalothorax; h-<t, ambulatory lirobe (perasopods). x }. 

some groups are found in fresh water, and others (some of 
the Anomura and Braohyura) have become terrestrial in 
habit. The earliest undoubted representatives of the Deca- 
poda are foimd in the Trias. 

The Decapoda may be divided into two sections; (1) the 
Natantia, (2) the Reptantia. 

Section 1. Natantia 

The body is usually compressed laterally, and a rostrum, 
which is usually compressed and serrated, is present. The 
thoracic legs are slender, but one of the first three pairs 
may be enlarged, and exopodites are sometimes present. 
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The hrgt segment of the abdomen U not much smaller than 
the others; the abdominal appendages ore well developed 
and used for swimming. 

The Natantia are found first in the Trias, and become 
more abundant in t^e Jurassic; a few forms have been 



Fig. 204. £gtr tipulariiu, Solenhofen limestone (Lover Portlsndisn). 
al, entennules: a2. entenue; e, eye; mp, third mexillipede; 1-S, flrst to 
fifth thonrie legs; first Abdominal leg (pleopod); r, rostrum; t, telson; 
ti, uropod. (After Oppel.) x 

found in later deposits. -Some of the Jurassic representa¬ 
tives of the group agree closely with the recent genus 
Peiiceu$. Mgtr appears to be a primitive type of the group 
to which the living form Sitncp%L» belongs. 

iCger (fig. 204). Body laterally compreand. Cervical and 
poat'cen'ica] sulci distinct. Rostrum long, with small tubercles. 
AntenitulcK nearly as stout, but not so long as the antenne. 
Lost maxillipedes long, with rows of spinea First three pairs 
of legs with chelse. the third pair longer than the others; the 
fourth and fifth pairs slender and flattened, without chel«. 
Abdomen long. Telson pointed. Trias and Jurassic. Ex. JB. t/pu- 
far/us, Solenhofen XJmestone (Upper Jurassic). 
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Stciion 2. lUptantia 

The body is generally depressed; the rostrum is often absent, 
but when present is usually small and depressed. The thorado 
legs are stout and without exopodites; the first pair are 
usually much larger than the others. The first segment of the 
abdomen is smaller than the others, and the first five 
abdominal legs are small and not used for swimming. This 
section appears first in the Trias, and is divided into four 
groups, (1) the Palinura, (2) the Astacura, (3) the Anomura, 
(4) the Braohyura. 

1. Palinura 

The carapace is fused at the sides with the epistome (the 
region between the front of the mouth and the anterior 
margin of the carapace). The abdomen is large, well plated, 
with well'developed pleura and a broad tail-fan (macrurous). 
The exopodites of the last pair of abdominal appendages 
(uropods) are not usually divided by a distinct suture. 

Eryon, found mainly in the Jurassic, lived in shallow 
water and possessed eyes; whereas the living forms (Poly- 
cheles, etc.) allied to it are blind and are found in deep water. 
Another group is represented by Olyphea and its allies, in 
which the thoracic legs are either not chelate or only im¬ 
perfectly chelate; of this group Litogaster and Pemphix 
are found in the Trias; Olyphea, Paeudoglyphea and Meco- 
cAtrus in l^e Jurassic; Meyeria and Qlypheainfind Cretaceous 

Eryon (fig. 205). Cephalothorax fiattened, usually broader 
than long, with a median dorsal ridge on the posterior part; 
the lateral margins usually dentate, and at the anterior third 
are two deep notches. Cervical sulcus usually indistinct or 
absent. Roetrum short. The first four pairs of legs bear ohe]«e, 
the anterior pair being larger than the others. Abdomen of 
about the same length as the cephalothorax; the first segment 
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very short. Telson trigonal. Jurassic, and rarely Lower Creta¬ 
ceous. Ex. B. orcti/ormis, Solenhofen limeetone. Cohia is 
similar to Eryon, but the exopoditee of the sixth abdominal 
appendages are divided by a suture. Lias. Ex. C. antiqua. 

Glypbea (fig. 203). Cephalothorax ornamented with tubercles 
or granules, with a median dorsal suture; roetrum short. In 



Kig. 205. Bryon arcHformu, Solenhofen Limestone (Upper Junuaio). 
(From Nicholson.) Natural sue. 

front of the deop cervical sulcus are several spiny or tuberculate 
parallel ridges which extend towards the anterior margin. 
Posterior to the cervical sulcm are two oblique grooves which 
meet on the dorsal surface and bound a triangular lobe. Anten- 
nules nearly as long as the cephalothorax; antennse much longer. 
The anterior pair of legs are much longer and stouter than the 
others; all are without chela. Abdomen long. Lias (perhaps 
Trias) to t>ower Eocene; mainly Juraasio. Ex. 0. regleyana, 
Oxfordian; O. rorirota, Corallian. 
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Mecochlrus (fig. 206). Cakrapace thiu; roatriim short. 
Cervical sulcus deep, extending obliquely forward from the 
dorsal line. Antenn® as long or longer than the entire body. 
Legs not chelate; the first pair greatly elongated. Jurassic. 
Ex- M. longimanua, Solenbofen 



Hg. 207. M«j/eria omala, Spoeton Clay. Nataral Sice. 


Meyeria (fig. 207). Cephalothorax laterally compressed, 
with a sharp rostrum, and a deep, oblique cervical sulcus. In 
front of the cervical sulcus a median aorsal carina. and three 
carine on each side. The sides of the carapace covered with 
sharp granules. Behind the cervical sulcus cue two faintly* 
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marked oblique furrows on the stdee of the carapace. Ambu¬ 
latory legs slender, the first very long. Abdomen semi-cyUndrioal, 
longer the oephalothorax, and ornamented with trans¬ 

verse or longitudinal rows of granules. Ix>wer Cretaceous. Sx. Af. 
omata, M. magna. 

2. Aaiaatra 

This includes the true lobsters and crayfishes. The carapace 
is not fused with the epistome. The abdomen is macnirous as 
in the Palinura. The exopoditesof the last abdominal append¬ 
ages (uropods) are divided by a suture. The first three pairs of 
thorado legs are chelate, the first pair being much enlarged. 

The Astaoura appear first in the Trias (Cfytiopsw). The 
principal Jurassic form is Eryma. Enoploclytia and Homarus 
are common in the Cretaceous, and the latter is also found 
in the Eooene. 

Eryma. Body oylindrioal. Cephalothorax covered with 
grandee, with a median dorsal suture which divides into two 
on the Mphalio region and limits a narrow fusiform area. 
Cervical sulcus deep; rostrum pointed. Behind the cervical 
sulcus are two nearly parallel grooves which unite at the sides. 
The three anterior pairs of legs with cheUe, the first pair being 
very large, the others small Telson undivided. Lias to Lower 
Cretaceous. Ex. E. iepiodactylina, Solenhofen Limestone; 
B. beddta (= eUgant)^ Great Oolite, etc. 

Enoplodytla. Body large, long, narrow; surface roughened 
with granuJee and tubercles. Cephalothorax elevated, narrowing 
in front, with a long dentate rostrum. Behind the deep cervical 
sulcus are one or two nearly parallel furrows, from which lateral 
branches pass to the cervical suloiis. First pair of legs very 
strong, with large ohele having teeth on the inside of the fixed 
part; second and third pairs of legs slender, also with ohole. 
Telson large, subtrigonal. Upper Jurassio to Cretaceous; 
mainly Chalk. Ex. B. Uaehi, Chalk. 

Homarus Hopioparia), Body elongate, slightly com¬ 
pressed laterally. Carapaoe covered with fine granules. Bostrum 
very narrow, long, sharp and dentate. Post-cervioal sulcus 
deep, not reaching the margins of the carapace; the lower 
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part of thiO cervical gulcus is present and is joined by two other 
short sulci, together forming a A-shaped groove. The first pair 
of legs very long, provided with large oheUe. Abdomen sub. 
cylindrical. Lower Cretaceous to present day. Ex. H. longi^ 
manvs. Lower Greensand. 

3. Anomura 

The abdomen is generally soft or bent upon itself; its pleura 
are small or absent, and the tail.fan is often reduced. This 
group includes, amongst other forms, the hermit-crabs; it 
has but few fossil representatives, the principal genus being 
Callianassa which ranges from the Upper Jurassic to the 
present day and is common in the Tertiary. 





Fig. 208. XantAopfu dufMtrii, Eocene. epistome; o, orbit; m. third 
msullipede; p, first tiioracic leg (cbeliped); a6, abdomen. (After Mllna* 
Eklwar^.) X f. 

4. Brauchywa 

This group includes the crabs. The abdomen is short smd 
small (fig. 208, o^); it is bent up underneath the thorax, 
and bears from one to four pairs of appendages, but is 
usually without a tail-fan. The cephalothorax is broad. The 
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carapace is fused with the epistome at the sides and usually 
also in front. The first pair of thoracic legs are always chelate. 


A 



Fig. 209. Horartinut praeursor, Lower LUs. A, roconstncUon; missing 
pert* Indicated by linee. a, antenna; e, eye-stalk. 1-S, thoracic 

kgs. B, side-view of carapace. Natural sue. (After Withers.) 

The earliest representative of the Brachyura is ^ocarctnus 
from the Lower Lias (fig. 209). It belongs to the Bromiacea 
—the most primitive group of crabs, in which the abdomen is 
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much less reduced th&n in other forms,and iseithernot bent or 
only partly bent under the ccphalothorax, and the uropods arc 
sometimes retained; in these respects the Dromiacea approach 
the macrurous Crustacea. All the Jurassic crabs belong to 
this primitive group. The grooves on the carapace of Eocarci- 
nus closely resemble those of the Triassic genus PseudopempAtx 
—a macrurous form of the Glypheid type. This resemblance 
points to the derivation of the Brachyura from the macrurous 
Crustacea of the Trias. Other genera found in the Jurassic 
are Proaopon (including Protocarciniia) and PUhonoUm. 

In the Cretaceous the Brachyura become more abundant 
and are represented by Prosopon, DiavlaXy NotopocoryaUa, 
Necrocar^Tvus and several other genera. In the Eocene 
numerous forms occur, Xanthopsia and Dromilitea being 
common in England. The Raninidse, which begin in the 
Upper Cretaceous and become more abundant in later times, 
are believed by Bourne to have originated from the Astacura. 
The Brachyura attain their maximum at the present day. 

DromlUtes. Carapace oval or rounded, very convex, with 
the entire surface punctate; anterior part with pointed eleva* 
tions, posterior third with irregular ridges; divided into regions 
by two transverse grooves. Rostrum short, triangular. Orbital 
notches (in which the eyes rest) are very deep. First pair of legs 
strong, with large ohelsa; second and third pairs short; fourth 
and fifth slender. Abdomen of six segments and a telson in both 
sexes. Eocene to present day. Ex. D. lamarcki, London Clay. 

Notopocorystes {ssPakaooorystes). Carapace much longer 
than broad, tapering posteriorly, anterior border not dentate; 
rostrum short. Orbital notches large with two small fissures. 
Cervical sulcus well defined. The five anterior aegments of the 
abdomen short, the sixth quadrangular. Gault and Eocene. 
Ex. P. etokeai, Gault. 

Necrocarclnus. Carapace rounded, separated into regions 
by distinct grooves, ornamented with a few prominent tubercles. 
Rostnun triangular. Orbital notches rounded, open above, ^*ith 

36*3 
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two smaU fissured. Oftult to Chalk. £x. N. bechei, Cambridge 
Greensand. 

Xanthopsia {fig. 208). Carapace rounded, convex, surface 
punctate, tbe posterior portion with roxinded elevations; the 
fronts] border with four, and the anterior laterals with one to 
three, tooth-like proceeses. Orbital notches d^p, without 
fissures. Chela unequal. Abdomen of the male narrow and 
formed of four segmeuts and a telson. Abdomen of female broad, 
oompoeed of six segments and a telson. Eocene. Ex. X. leachi, 
London Clay. 

ORDER V. HOPLOCARIDA 
This includes one sub-oider only. 


SUB-ORDER. 8T0MAT0P0DA 


In the Stomatopoda (fig. 210) the body is long, and flattened 


dorso-ventrally; the carapace is 
short and does not cover the four 
posterior thoracic s^ments. At 
the firont of the head there are 
two small, movable segments 
which are not covered by the 
carapace; the first bears the 
stalked eyes, the second bears 
the antennules. A rostral plate 
is articulated to the front of the 
oephalothoracic shield-. The five 
anterior pairs of thoracic ap¬ 
pendages have no ezopodites 
and are directed forwards as 
maxiUipedes; the three posterior 
pairs are slender biramous legs 
and aredirected downwards. The 
abdomen is much larger than the 
anterior portion of the body; its 
five anterior appendages bear 



Fig.210. SquHlamaiUU, Rcoeot. 
(From Nicholson.) x 1. 
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gillH, and the sixth pair form with the broad telson a strong 
tail'fan. 

SquiUa (fig. 210) is the best known genus of this sub-order. 
All the forms are marine and Hve in shallow water. The 
Stomatopods are very rare as fossils. SquiUites from the 
Carboniferous of Montana is probably an example of this 
group. The genus Sculda occurs in the Solenhofen Lime¬ 
stone, and SquiUa has been found in the Chalk of Lebanon 
and Westphalia, and in some of the £k>oene formations 
(London Clay, etc.). 

CLASS m. MYRIAPODA 

The Myriapoda include the millipedes, centipedes, and allied 
forms. The body consists of a distinctly-marked head, fol¬ 
lowed by segments which are iisually numerous and similar 
in form, so that, externally, the limits of the thorax and 
abdomen cannot be defined. The head bears one pair of 
antennse; and also mandibles and maxillae. The segments 
behind the head (except the last) bear in some cases one, 
in others two, pairs of legs each; in the latter the segments 
are really double. The Myriapods breathe by means of 
tracheae. Fossil representatives of this class are rare. 

The two prinoip^ Orders are: (1) the Diplopoda, or milli¬ 
pedes, in which the body is usually more or lees cylindrical. 
The trunk consists of an anterior region of four single seg¬ 
ments, and a posterior region of double segments each of 
which bears two pahs of le^. Representatives of some of 
the living families occur in the amber found in the Ohgocene 
Beds of Prussia and in other Tertiary deposits, Jvlxu being 
found as far back as the Eocene. 

The Palaeozoic genera differ from the later representatives 
and are regarded as cdnstituting two extinct groups which 
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are confined to the Palseozoic formations. The earliest 
examples are found in the Upper Silurian of Lanarkshire 
6uid ^long to the genus Archidesmus. In the Old Red 
Sandstone of Scotland KampccarU and Archidesmua occur. 
A larger number of forms {Xylobiua, Eu^h^jberia, AnthracO’ 
deamus) are found in the Carboniferous and Permian rooks. 

(2) The Chilopoda or centipedes. The body is flattened 
dorso-ventrally, and each segment bears a single pair of 
lege. The earliest forms occur in the Coal Measures, and 
modem families arc represented in the Oligocene amber and 
in some other Tertiary deposits. 

CLASS IV. INSECTA 

The body of an insect can be separated into head, thorax, 
and abdomen. The head is formed of six fused segments; 
it bears four pairs of appendages—one pair of antennae, one 
of mandibles, and two of maxillae. In the thorax there are 
three segments, each bearing one pair of legs; the second 
and third s^ments usually carry a pair of wings on their 
dorsal surfaces. The abdomen is composed of several (com¬ 
monly eleven) segments, and is usually without appendages. 
Insects breathe by moans of tracheae. 

The only record of Insects from the Devonian are a few 
small specimens from the Rhynie chert (Old Red Sandstone) 
which are believed to be CoUembola (Apterygota). But in 
the Coal Measures and in the Permian the group is repre¬ 
sented by a considerable variety of forms. Remains of 
insects have been found at many horizons in the Mesozoic 
and Cainozoic formations; in England they are not uncom¬ 
mon in the Lias, the Stonesfield Slate, the Purbeck, the 
Wealden, and the Bembridge Beds. They are well represented 
in the Solonhoftm Limestono (Upper Jurassic) of Bavaria, 
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in the Miocene of Oeningen in Switzerland and of Florisaant 
in Colorado, and in the amber from the Oligocene Beds of 
Prussia. 

The Insects found in the Paleozoic formations appear to 
be more generalised than the later forms, and the majority 
are referred to Orders distinct frem those found in Mesozoic 
and later periods. 

The Inseota include an enormous number of forms, and 
the specimens found fossil are often imperfectly preserved, 
so that nothing more than a brief sketch of the distribution 
of the chief groups can be attempted here. 

A'pUtyQiAa. The fossil examples of this group (which con¬ 
tains smtdl wingless insects) are found mainly in amber from 
the Oligocene of Prussia, and include several species of 
Ltpiama (the silver-fiBh) and Machilxa. RhynieUa from the 
Old Red Sandstone may belong to this group. 

The PaUxodictyopUra are confined to the Carboniferous 
«bnd Permian, and show primitive and generalised characters; 
they are believed to be the ancestors of the other groups 
of winged insects. 

Orthoptera. In the Coal Measures and Permian the cock¬ 
roaches (Blattid») are well represented, and the group is 
fairly common in the Jurassic; the Tertiary forms occur 
mainly in the Oligocene amber and are all modem types. 
The Mantidas (‘soothsayers’) are found in the Oligocene, 
and forerunners of this group occur in the Permian and 
Lias; the Phasmidse (leaf and stick insects) are present in 
the Upper Jurassic and Tertiary deposits. The Locustidas 
(locusts) are represented in the Lias, in the Upper Jurassic 
of Solenhofen, and in the Miocene of Oeningen and Florissant. 
The Gryllidse (crickets) occur in the Jurassic, the Eocene, 
the Oligocene amber, and in the Miocene. 
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Prciorihoptera. Orthopterous inseots are found in the Coal 
Measures and the Permian, but since they show characters 
which connect them with both the Palseodictyoptera and 
the lane Orthoptera they are regarded as constituting a 
separate group—the Protorthoptera. 

Dermaptera. Hie Forficulidse (earwigs) appear first in the 
Eocene, and examples have been found in the OUgooene 
amber and in the Miocene, but they are not common. 

The IdopUra or Termitidce (white ants) have been found 
in the Eocene, Oligocene and Miocene. 

The Ephemeropiera (Ephemeridss), known as may-flies, 
are represented in the Permian, the Jurassic, the Oli^cene 
amber and in the Miocene of Colorado. 

The OdoruUa (dragon-flies) occur first in the Pernuan and 
are also found in Lower Lias, the Stonesfield Slate and the 
Solenhofen Limestone; in the Eocene and Miocene more 
advanced types predominate. 

Protodonaia. Forerunners of the dragon-flies are present 
in the Coal Measuies, the Permian and the Trias, and appear 
to be intermediate in character between the true dr^on- 
flies and the extinct Palseodictyoptera. Some members of 
the group attain a very large size. 

Htmipiera. Insects allied to the Hemiptera, but more 
generalised in character, are found in the Permian (Proto- 
hemiptera). Forms which can be definitely assigned to 
Order appear in the Lias; whilst in the Tertiary deposits 
most of the modem families are represented. Examples of 
the AphidsB (plant lice) are common in the Eocene, Oli^cene 
and Miocene. Fulgoridae are found in the Lias, the I*urbeck 
Beds and in the Tertiary. Notonectidse (water-boatmen) 
appear in the Upper Jurassic, and also occur in the Oligo¬ 
cene and Miocene. 

Niiuroptera (lace-wing flies, etc.) are found first in the 
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Permian and are also represented in the Lias and the Upper 
Jurassic. Examples belonging to modern families occur in 
Tertiary deposits. 

TrichopUra (caddis-flies) are represented by primitive 
types in the Lias and Purbeck Bods. Genera ^longing to 
modern groups are found in the Eocene of Wyoming, the 
Oligocene amber, and in the Miocene of Colorado. 

JjepidopUra. Butterflies and moths are very rare as fossils. 
A few occur in the Middle and Upper Jurassic rocks, e.g. 
Pakeontina oolilica from the Stonesfleld Slate. The Order is 
better represented, although stiU uncommon, in the Tertiary 
Beds; examples have been found in the Oligocene of the Isle 
of Wight, the OUgooene amber of the Baltic, and in the 
Miocene of Colorado. 

The Coleoptera (beetles) first appear in the Permian; they 
are more numerous in the Trias and Upper Jurassic, and 
are well represented in some of the Tertiary Beds. Examples 
have been found in the Lias, the Stonesfleld Slate, the Solen- 
hofen Limestone, the Purbeck Beds, the Lower Chalk of 
Bohemia, the Oligocene amber, and in the Miocene of 
Oeningen and Colorado. 

The Diptem include flies, fleas, gnats, and mosquitoes. 
A few forms are found in the Lias, the Solenhofen lime¬ 
stone, and the Purbeck Beds; the Order is represented in 
Tertiary deposits by numerous forms belonging to modem 
families. Forerunners of this group are found in the Permian 
and Trias. 

The Hymenoptera include ants, bees, wasps, saw-flies, etc. 
The earliest examples are found in the Jurassic (Solenhofen 
Limestone and Purbeck beds), and the Order shows a con¬ 
siderable development in the Cretaceous. A large number 
of forms are met with in the Tertiary, where most of the 
important modem families are represented. Ants, wasps 
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and bees are common in the Miocene of Colorado; saw-flies 
in the Oligocene amber, etc. Hymenoptera have been found 
in the Oligocene of the Isle of Wight. Insects allied to this 
group occur in the Permian (Protoh 3 rmenoptera). 

CLASS V. ABACHNIDA 

Scorpions (flg. 220), spiders, and mites are common forms 
of the Arachnids. In the members of this Class the anterior 
segments of the body are fused together, forming a proaoma 
or cephalothorax which is covered by a carapace. This 
region usually bears six pairs of appendages, of which one 
pair is in front of the mouth. Antennie are absent, and no 
pair of appendages is modified to serve exclusively as jaws. 
The first pair, known as chelicerce, are pre-oral; the second 
pair, the pedipalpa, are behind the mouth and serve partly 
as jaws; the four remaining pairs are long limbs, used for 
locomotion and to some extent as jaws. The trunk may or 
may not be segmented; in some groups it is divided into 
an anterior and a posterior region (meaosoma and metaaoma), 
each of which consists typically of six segments. The first 
segment of the mesosoma bears the genital pore. The 
metasoma bears no appendages, and those on the mesosoma 
are never in the form of locomotory limbs, but are con¬ 
nected with respiration; in the primitive aquatic arachnids 
they are plate-like and bear lamellar gills; in the terrestrial 
forms the gills are replaced by lung-books or by trachess. 

The Arachnids are divided into two sub-classes: (1) Mero- 
stomata, (2) Euarachnida. 
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SUB-CLASS L MEROSTOMATA 

The Merostomata are aquatic Arachnids which breathe by 
means of gills borne on the plate-like appendages of the 
meeoBoma. There are two Orders: (1) Xiphosura, (2) Euryp- 
terida. 

ORDER I. XIPHOSURA 

The only living representative of the Xiphosura is the king- 
crab, Limuhia (figs. 211, 212), found on the eastern shores of 
North America and Asia, and in the Malay Archipelago and 
the Indian Ocean. The body of Limvhu is covered by a 
chitinous exoskeleton, and consists of the prosoma (figs. 
211 A; 212,1), and the trunk or opiathoaoma (figs. 211 B; 
212, 2 ), form^ of the mesosoma and metasoma fused to¬ 
gether. At the end of the body, behind the anus, is a long, 
movable tail-spine (fig. 212,3). 

The prosoma is covered dorsally by a large crescentic 
or nearly semicircular carapace (fig. 211, i), which is very 
convex above and carries on its upper surface two pairs of 
eyes, one compound and lateral (3), the other simple and 
median ( 4 ). The large compound eyes are near the middle 
of the lateral parts of the carapace; the small simple eyes 
are close together in the middle line, near the anterior 
margin. The carapace is continued on to the under surface of 
the prosoma as a marginal rim. The trunk is more or less 
hexagonal in outline and is movably articulated with the 
prosoma; both have two longitudinal furrows on the dorsal 
surface, dividing a narrow axial part from a broad lateral 
portion on each side, thus giving a superficial resemblance 
to a Trilobite. The mesosoma forms the main part of the 
trunk and consists of six fused segments, the segmentation 
being shown by grooves on the dorsal surface, and by the 
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six movable spines borne on each side. The small posterior 
part of the trunk without grooves represents the greatly 
reduced metasoma. 

The prosoma carries six pairs of appendages concealed 
in the concavity of its under surface; the anterior pair 
(fig. 211,1) (didicera) only are in firont of the mouth and 



Fig. 211. Limvlut fioiyphemu*. Recent. Ventral aorfece. A, cephalo- 
thorax or proeoma; B, trunk (opisthoeorna); 0, portion of the tail-epine. 
1^, appendage* of the pcoeoma; 1, chetioera; 2-6, ambtalatory leg*— 
behind the month are the unall chilaria; 7-12, appendage* of the 
meooeoma; 7, genital operculum; 8-12, lamellar appendage* bearing 
gill*: m, mouth. Reduced. 

are small, three-jointed appendages with chelm. The other 
five pairs (8-6) are the long, six-jointed walking-legs placed 
just behind the mouth; moat of them (except the last pair) 
end in chels, and their basal joints (except in the sixth pair) 
are spinoee and function as gnathobases. Behind the mouth 
are a pair of small unjointed processes, the chUaria, which 
represent the appendages of a pretgenital segment. The 
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mesosoma carries six pairs of plate-like appendages; the 
anterior pair arc united, forming what is known as the 
gtniud operculum (7), on tho posterior surface of which are 
the genital openings. The operculum covers the remaining 
five pairs of appendages (^ 12 ), which are not united in the 
middle, and bear on their posterior faces the leaf-like gills, 
of which there may be from 150 to 200 on each appendage 
superposed like the leaves of a book. 

From the account given above it will be seen that Limulus 
resembles the scorpions in several respects. In both, the 
prosoma consists of at least six fused segments, covered 
dorsally by a carapace which bears a pair of median eyes 
and a pair of compound eyes. The mesosoma of lAmuluc 
differs from that of the scorpions in having the segments 
fused, and the metasoma of the former is much reduced; 
but in both there is a tail-spine behind the anus. The pro¬ 
soma boars six pairs of appendages which, in both cases, 
are aimilar in form and position. On the mesosoma the 
genital operculum forms the first pair of appendages; the 
second pair are the peotines of the scorpions, and the first 
pair of plates which bear gills in Limulua. The next four 
segments carry lung-books in the scorpions and gill-books 
in Limulv*. The diffeionces between the trunk of lAmulua 
and that of the scorpions are, to some extent, bridged over 
by some of the Palieozoio Xiphosura described below. 

Zrtmtdus appears first in the Trias; it has been found in 
the Middle Jurassic of Northampton, and is common in the 
Upper Jurassic of Solenhofen in Bavaria, and is also repre¬ 
sented in the Upper Cretaceous and the Oligocene. In the 
PaUrozoic deposits—from Silurian to Permian—several other 
Xiphosura occur; some of these differ from Limulw in 
having some or all of the trunk segments free, and in some 
eases these segments are clearly separable into mesosoma 
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and metasoma. Thus in Neolimidus and Hemiaapii (fig. 
213 A) all the segments are free, and in tho latter they aro 
olearly separable into inesosoma and metasoma. In Belinwnis 

(B) the segments of the mesosoma are froe, but those of 
the metasoma are fused together^ PreeltoiehianeUa, Euprodpa 

(C) and Paleolimtdtis approach Limvlua in having all the 
segments of the trunk fused, and the metasoma reduced. 
Those genera in which the trunk segments are free approach 



Fig. 213. A. Hemia 0 pia limntoida, Upper SilnriAn. x (After Wood* 
ward.) B, Bdinurus rennet, Ocol MeMur^, xl^. (After Woodwant) 
C, do?ke, Carboniferous. x(. (Aftw Packard.) 

both the Eurypterida and the Scorpionida more nearly thar 
does Limulua. Some of the appendages have been found 
in Paleolirmdua but in most of the Paleozoic specimens 
they are not preserved. The examples found in the Coal 
Measures may perhaps have lived in fresh water. 

Bellnurus (fig. 213B). Form aimilar to Ltmulus. Proeoma 
semicircular, with a flat border and long spines from the pos¬ 
terior angles; median part raised, with compound eyee at the 
sides and mediem eyes at the front. Mesosoma of five free seg¬ 
ments, with the lateral parts produced into spines. Metasoma 
small, formed of three fused segments with a long tail-spine. 
Upper Old Red Sandstone and Coal Measures. Ex. B. retina. 
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Pr«8twlchlanella {=Pre»twi€hia). Prosoma semicircular, 
continued into spines at the posterior angles; median raised pari 
(*glabolla’)broad. with the compound eyes at the anterior lateral 
angles. Trunk segments (probably seven) fused, with a flat 
marginal part produced into spines, and a tail-spine. The axial 
part of the trunk is narrow. Coal Measures. Ex. P. rctundcUa, 
Euprodps {6g. 213 C). Similar to Preitwickianella, but the 
median raised part of the proeoma is quadrangular, and the 
compound eyes are more anterior in position. Coal Measiires. 
Becorded from the Upper Devonian of Pennsylvania and Per¬ 
mian of Kansas. Ex. E. danas. Coal Measures. 

HenUaspls (fig. 213 A). Prosoma seznioircular, with spines 
at the external marginand angles; central port reused. Meeosoma 
of six broad, short, firee eegroents, with the eodal part raised; 
metasoma much narrower, of three segments and a pointed 
tail-spine. Silurian. Ex. H. limtUoidea. 

Bunodes. Similar to Hemiaspia. Prosoma without spines. 
Moeoeoma with broad axial part. Metasoma of three or fom* 
segments, with a long tail-spine. Silxirian. Ex. B. lunula. 

Neollmulus. Proeoma very broad, rounded in front, with 
spinoee angles; with median eyes and compound lateral eyes. 
Trunk of eight or more free segments, with the axial part 
tapering rapidly backwards; apparently not differentiated into 
mesosoma and metasoma. Silurian. Ex. N. falcatua. 


DistribiUion of the Xiphoaura 

Fossil Xiphosura are rare, except in the Solenhofen Lime¬ 
stone (Upper Jurassic). The earliest forms which show 
afiSnities to the Xiphosura are Agkupia from the Cambrian 
of Wisconsin and BeckwUhia fr'om the Cambrian of Utah. 
The chief genera are: 

Silurian. Htmxaapia, Neolimvlua, Bunodea, Paeudoniacua. 
Devonian. Befmurus, Protalinudua, Weitd>argina, 
Carboniferotia Bdinurua, EuproSpa, Prtatxoichiandla. 
Permian. Euprodpa and Paleolimulua in K’^naim 
Trias to Oligooene and Recent. Limulua. 
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ORDER 11. EURYPTERIDA 

The Eurypterids are found only in the Palaeozoic rocks and 
are remarkable for the large size which they often attain; 
one form {Pierygotus anglicus) reaches a length of six feet 
and is the largest Arthropod known. The Eurypterids have 
a scorpion-like appearance; but, unlike the scorpions, they 
were all aquatic animals. The body is compressed dorso- 
ventrally, and is protected by a chitinous exoskeleton (fig. 
214) which is covered with small scale-like markings. 

The prosoma consists of the six anterior segments fused 
together, and is usually quadrate, semicircular or semi-oval 
in outline. The carapace, which covers the dorsal surface 
of the prosoma, bears a pair of smaU, simple eyes near its 
centre (fig. 214, e) and a pair of largo, compound eyes—one 
at each of the outer front margins (d) or on the dorsal surface 
at some little distance from those margins. 

Behind the prosoma come the twelve free and movable 
segments of the trunk or abdomen. In some genera (fig. 214) 
these segments gradually decrease in width in passing from 
the anterior to the posterior end, but in other cases (fig. 219) 
they are divisible into two groups—the anterior segments 
being short and broad, whilst the posterior are longer and 
narrower. The six anterior segments bear appendages and 
form the raesosoma (fig. 216, l-v; fig. 219, vii-xu); the 
six posterior segments form the raetasoma (fig. 216, 7-13; 
fig. 219, xiii-xviii), at the end of which is the post-anal 
tail-plate or spine (s'); this may be spine-like (fig. 216), 
or triangular, or in the form of an oval plate which may 
be produced into a median spine as in Slirrumia (fig. 219), 
or divided at the end into two lobes as in some species 
of PUrygotva (fig. 214). Each segment of the mesosoma 
is covered by a broad, slightly convex dorsal shield (or 
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tergum), and by a ventral outicle (or stemam), and the 
tergiim of each segment overlaps the one next behind. In 



the metaeoma each s^;ment is surrounded by a continuous 
chitinous sheath. 
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The mouth is in a central position on the under surface 
of the prosoma (figs. 216, 219). In iront of the mouth there 



Fig. 215. Ventral aurfaoe of Pterygotus orttienru, from the Upper Silurian, 
RrotsikOU. a, epietome: b, metaetoma; e, fint pair of appeodagea 
(chelicem), coiuutizkg of three jointe only (not aa ehown in the figure), 
a long baa^ joint, and two shorter jointa fonnizig the chela; d, compound 
eyea; /, I, genital operculum; g, tatl.plate; l'-5', second to sixth pain of 
appendagea; II-V, ventral plate-like appendage# of eegmente 3 to 6 of the 
meaoeoma; 7-12, segmenta of the metaaoma. Reduced. (After Schmidt.) 

is one pair of appendages only (fig. 216, i; 219, i) which end 
in chelse and are usually small; each consists of a basal 

a7-a 





Fig. 216. Svarypienu remipu, Silurian, New Tork. Restoration of ventral 
surface. 1-6. appendagoe of proeoma; g, genital operculum; m, meta* 
stoma. (After Roedemsoo.) x|. 
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joint (coxa) and two others which form the chela. The other 
five pairs of appendages (fig. 219, n-vi) are at the sides of 
the elongate mouth and usually increase in size from front to 
back; they consist of from six to eight joints each, and are 
not chelate; they fxmotioned in locomotion, and also in 
mastication sinoe the inner margins of the basal joints (or 
ooxss) are provided with tooth*like processes; the posterior 
pair (VI), except in Styl<muru8 and Mixoplerui, are much 
larger than the others and have a very large basal joint. 
Placed just behind the mouth, in the median line, is an oval 
or heart-shaped plate, the vx€laaioma (6), which covers the 
inner parts of the basal joints of the sixth pair of appendages. 
The metastoma represents the pair of chilaria of Limvlus 
(p. 412); the presence in some cases of a notch in front, 
and a median longitudinal groove on the surface, supports 
the view that the metastoma originated from a pair of 
appendages. Although attached to the prosoma the meta- 
stbma is believed to represent the appendages of the first 
segment of the mesosoma which is generally of smaller size 
than the other segments (fig. 214,1) 

Just as in Limuliia (fig. 211) the carapace is continued on 
to the ventral surface, where it forms a marginal rim or 
‘doublure' which is separated from the dorsal part of the 
carapace by a marginal suture. The rim may be divided into 
two halves by a single suture in front (fig- 217 A); or by a 
pair of sutures which separate a median plate, the epistome 
(B, e), from the lateral parts; or there may be another suture 
on each side dividing each lateral part into an anterior 
and posterior part (C). 

The six segments of the mesosoma bear on their ventral 
surfaces five pairs of plate-like appendages (fig. 216, i-v; 
fig. 219, vn-xn), each of which overlaps the one behind 
like the tiles on a roof. The first pair of plates form the 
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genitskl operculum, and are divided in the middle by a 
median process, which often extends beyond the posterior 
mftfgin of the operculum on to the next pair of appendages; 
the shape and size of the median process differ in the two 
sexes. The genital operculum covers the ventral surfaces 
of both the first and second segments of the mesosoma 
(fig. 219, vii, vm). The other four pairs of appendages 
(fig. 215, n-v) are attached only near the front margin 
of each segment, and bear leaf-like gills (fig. 219, e) on their 
inner (or dorsal) surfaces. The segments of the metasoma 



ABC 

Fig. 217. Part of veotra] turiaoe of the proeoma showing the 

rim or 'doublure*. A, Furypteriw. B, Pter^gotu*. C, HvghmiUtria. 

0 , 6, sutures; s, epistome. Ri^uood. (After StCrmer.) 

(figs. 215, 7-12; 219, xiv-xvlu) are protected by continuous 
chitinous rings and bear no appendages. 

In the larval stages (fig. 218) the prosoma is relatively 
larger than in the adult owing to the fact that all the trunk 
segments are not yet developed. There is no clear distinction 
between mesosoma and metasoma, and in this respect the 
young forms agree with the adults of the more primitive 
types of Eurypterids. The large size of the compound eyes, 
and the prominence of the ooelli (fig. 218 B) are probably 
adaptations for planktonic life. 

In many respects the Eurypterids resemble the Scorpions. 
The number of segments in each of the three regions of 
the body is the same, and the two pairs of eyes are similar 
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in character and portion. In both Eurypterids and Scor¬ 
pions the prosoma bears six pairs of appendages, of which 
the first are pre-oral and chelate, and the remaining five 
agree in position and in general form; but in the Eurypterids 
the number of joints in the walking legs varies, and the basal 
segments of all serve as jaws, whereas in the Scorpions the 
last two pairs function only in locomotion; also in -the 
Eurypterids the last leg and the genital operculum are much 



Fig. 218. Young atAges of Euryptsrids, Silurian. A, h, BwypUrtu maria; 
A, x6: B,proaoma, x 12;C,iS^lonunMmy«^, x20. (AfterRuedemann.) 


larger relatively than in the Scorpions. One of the charac¬ 
teristic features of the Eurypteri<^ is the large metastoma. 
The peotines are absent in the Eurypterids, except perhaps 
in Olyptoacorpiits from the Carboniferous. The lung-books 
of the Scorpions are represented by the leaf-like gills of the 
Eurypterids, but the plate-like appendages of the mesosoma 
are absent in the Scorpions. In both groups the segments of 
the metasoma are fires and without appendages and at the 
posterior end is a tail-spine. The differences between the 
Eurypterids and recent Scorpions are to some extent bridged 
over by Palaophonus, a Silurian Scorpion (see p. 429). 

The Eurypterids agree in many respects with Limulua. 
The principal points of difference arc: (1) only the first 
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pair of appendages are chelate in Eurypterids, whereas in 
Limvlus all the walking-legs except the last, and the first 
in the male, may be chelate; (2) the last pair of legs are 
larger in Enrypterids than in LimtJm and their basal joints 
assist in mastication; (3) the large, single plate forming the 
metastoma in Eiuypterids is represented by the pair of 
small chilaria of Lirmduai (4) the second segment of the 
mesoeoma in Eurypterids is without appendages and is 
covered by the genital operculum; (5) in the trunk all the 
segments are free in Eurypterids but fused in and 

in the latter the metasoma is much reduced—these dif¬ 
ferences in the trunk, however, are bridged over by the 
Palaeozoic Xiphosura (fig. 213). 

In the Ordovician and Silurian formations Eurypterids 
are found in marine deposits, but in the Old Red Sandstone 
they became adapted for life in brackish water and, in some 
places, in fresh water, and in the Coal Measures they seem 
to have lived in fresh water only. The broad flattened forms, 
with the compound eyes on the dorsal surface, and a tail- 
spine were probably benthonic and able to burrow in mud 
and sand in search of food in the same way that LimAdua 
does at the present day. The narrower and more convex 
forms, with relatively smaller prosoma, lateral eyes, stream¬ 
lined body and broad tail-plate were probably active 
swimmers belonging to the neoton. 

Eurypterus (figs. 216, 218 A, B). Prosoma quadrate, the 
anterior angles rounded; the compound eyes are a little in front 
of the median lateral point on each side. The tail-spine is long, 
narrow, and pointed. The pre-oral appendages are small and 
consist of a basal joint and a chela; the second appendage 
consists of seven joints, the remaining four pairs of eight joints; 
all these five pairs of appendages are without chelse. The second, 
third and fourth pairs are similar in structure and bear spinee; 
the fifth pair are longer than the preceding and without spines; 
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and the sixth pair are much 
longer and also larger, with 
a large qxxadrate baaal joint. 
The metaatoma is oval. The 
median prooeas of the genital 
opero\duzn is short in the 
male, long in the female. 
Ordovician to Permian. Ex. 
E. fischeri, Upper Silurian. 

Stylonurus. General form 
tn Puryffotus. Second, 
third, and fourth pairs of 
appendages with spines; the 
two posterior pairs very long 
and slender. Compound eyee 
near the middle of the 
prosoma. Tail-spine long, 
pointed. Body sometimes 
nearly 5 feet long. Upper 
Silurian and Old Red Sand¬ 
stone. Recorded from the 
Ordovicianof New York. Ex. 
i9. poimei, Upper Silurian and 
Old Red Sandstone. 

Pterygotus (figs. 214,215). 
Prosoma semi-oval, rounded 
in front; the compound eyee 
are at the margins. The tail- 
plate is oval and either bilobed 
or pointed at its extremity. 
The pre-oral appendages am 
long and chelate; the second, 
third, fourth and filth pairs 
are similar to each other in 
size and structure; the sixth 
pair long and stout. Metsi- 
stoma oval. The examples of 
this genus are often of enor¬ 
mous size, P- anglicuf some¬ 
times reaching a length of 



under sorfsoe by M. Laurie, h, meta¬ 
stoma ; Ct leaf-like gills seen through the 
Tentral plate-like appendages of the 
meeosoma; g, tail-plate; I-VI, appen¬ 
dages of the prosoma; VII-XU, seg¬ 
ments of the mesosoma; XIH-XVIU, 
segments of the metaaoma; Vll'Vin, 
genital operoulum. Reduced. 
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6 feet. Lower Ludlow to Old Red Sandstone. Or Jovioiaa of New 
York. Ex. P. anglicus. Old Red Sandstone; P. (ErtUopteru*) 
bilobtta. Upper Silurian. 

Hugbmllleiia. Of small size. Similar to but the 

ohelioers, although well developed, are much shorter; second 
to fifth legs with spines; metaatoma cordate; eyes not always 
at the margin; tail-plate lanceolate, in this roepeot approaching 
Ettryptenu. Upper Ordovician to Old Red Sandstone. Ex. 
H. iooialu, Silurian. 

Sllmonla (fig. 210). Proeoma quadrate; the compound eyee 
at the anterior angles. Segments of the mesoeoma broader than 
those of the metascma. The tail-plate is oval, ending in a 
pointed procoas or spine. Metastoma heart-shaped. pre. 
oral appondagee (chelicers) are small; the second pair of 
appendages are slender, and composed of six joints; the third, 
fourtn, and fifth pairs have seven joints, and are similar in 
size and form; the sixth pair are longer and have a large retort- 
shaped basal joint. Upper Liidlow and Passage Beds. Ex. 
8, acuminata. Uppermost Siliirian. 


Diilribution of the Eurypierida 

This Order ranges from the Cambrian to the Permian, but 
is most abundant in the Upper Silurian and the Old Red 
Sandstone. The only form recorded from the Cambrian is the 
imperfectly known Strabope} &om Missouri. Although Eury- 
pterids are generally uncommon and poorly preserved in 
the Ordovician several genera have been recognised. Ptery- 
gotui, HttghmiUeria, StyUmurue, MixopUraa, and Euryptemu 
begin in the Ordovician and continue into the Silurian, in 
which Slinumxa, Drepanopterua and some others appear. In 
the Old Red Sandstone Pterygohia, Slimonia, Stylonurua and 
Eurypierua are the chief forms. In the Carboniferous and 
Permian the number of genera is reduced, the chief being 
Euryptema. 


^ Perh&pt more nearly related to the Xipboeura. 
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SUB-CLASS II. EUARACHNIDA 

The Euarachnidi} breathe air by means of either pulmonary 
sacs or tracheae, and the meeosoma ia without plate-like 
appendages. The principal Orders are: (1) Scorpionida, 
(2) Pedipalpi, (3) Araneida, (4) Pseudosoorpionida, (5) Pha- 
langida, (6) Acarina. 

ORDER 1. SCORPIONIDA 

The Scorpions (fig. 220) have a long, narrow body, in which 
three regions are clearly marked. In front, the prosoma or 
cephalo^orax consists of six fused segments, covered dor- 
sally by a chitipous carapace which bears a pair of simple 
eyes near ita centre, and a group of simple eyes at each of 
the two outer front margins. The middle region of the body— 
the mesosoma or pre-abdomen (7-i2)—is formed of six free 
segments, which are abort and broad; the ohitinous sheath 
of each segment consists of a dorsal plate or Urgwn and a 
ventral plate or sitmum. The posterior portion of the body 
is the rMtasoma or post-abdomen (13, u), and is formed of 
BIT segments, each being encased in a complete chitinous 
cylinder, and all, except the first (IS), are narrow; at the 
end of the last segment is the tail-spine (15), which bears 
the poison glands. Tne anal opening is on the last segment. 

The prosoma bears six pairs of appendages: (1) the 
eJidicerce (fig. 220,1) are small three-jointed limbs with 
chelse, placed just in front of the mouth; (2) the pedu 
palps (2) are the largest appendages and are at the sides 
of the mouth ; they consist of six joints, ending with chel®, 
and the basal joints fimetion in mastication; next come four 
pairs of seven-jointed walking legs (3-6) which end in claws, 
instead of chela: the basal joints of the third and fourth 




Fig. 220. Ventral view of an Indian Scorpion, Seorjtio awiafninerdoffli. 
1, ch^cera; 2, pedipalp; 3, 4, 6, 6, Tralkingdega; 7. genital opercolum; 
3, pectinea; 9, 10, 11, 12, the fonr right atigmata l«^ng to the lung* 
hooka; 13, fint aegment of metaaoma; 14, fonrth aegment of metaaoma; 
IS, tail-apine. (Front Shipley and Ma^ride.) x {. 
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pairs assist in mastication. Between the bases of the last 
two pairs of legs, and immediately in front of the genital 
operculum, is a small plate, the metastemiU, which represents 
fused sterna corresponding to these limbs. 

On the seventh segment of the body (the first of the 
meeosoma) there is a small rounded plate—the genital 
operculum (fig. 220. 7). The eighth 
segment bears thepecftnes (8), which 
are tactile organs and consist of a 
stem with a row of short processes 
like theteethof aoomb. On segments 
nine to twelve, there are, in the adult, 
no proper appendages; but a pair of 
oblique, sUt-like openings—the stig- 
truzto—occur on each of these seg¬ 
ments, and lead into pulmonary sacs 
which contain the lung-books. The 
metasoma (segments 13 to 18) has 
no appendages. 

Although this Order is of great 

antiquity, it has but few fossil ^ , . , 

j. Fig. 221. Pakeopkonus caU- 

presentatives. PaJ<K^Ao»ius(fig.221) th® Upper 

occurs in the Silurian rocks of Got- suariatt of Lesmat^o, 

w »nd I^rk^; Pro^n. 

in the Silurian of North America, x l*. 

Eoscorpitis, Areh<Boctonus and An^ 

thracoscorpio are found in the Carboniferous. Impe^ct 
specimens of scorpions have been obtained from the Trias 
of Warwickshire. One form {Tityua) is known from the 
Oligooene beds. 

In some of its characters Palaophonus (fig. 221) is more 
primitive than later scorpions; the walking l^s consist of 
nearly equal-siaed joints and seem to bo without claws; 
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the basal joints of all these legs could serve to some extent 
as jaws and in this respect resemble the walking 1^ of 
Liimdus and still more those of the Eurypterida. Palceo- 
p?Kmu$, unlike later scorpions, seems to have been aquatic, 
since it is found associated with marine fossils, and, more¬ 
over, stigmata appear to have been absent—^probably there¬ 
fore it breathed by means of branchial lamellse instead of 
lung-books. 

Of the Carboniferous genera some (ArchceocUmus, Anthra- 
coMorpio) do not differ in any important respect from living 
forms and appear to have been as highly organised, but 
others {EotnUhus) show some morphologicid characters not 
found in living scorpions. 


ORDER n. PSDIPALPI 

The Pedipalpi ('whip scorpions*, etc.) are represented by 
Qeralinura, Protopkrynui and Oraophamu in the Carboni¬ 
ferous, and by Phrynw in the Tertiary rocks. 

ORDER UI. ARANEIDA 

Spiders belonging to the genera Protolycoaa, Arthrolyc<wi, 

etc., are found in the Coal Measures. In the Oligooene_ 

especially in the amber of Prussia—a large number of forms 
occur. Others are found in the Eocene of Wyoming, and 
the Miocene of the Florissant, Colorado. 


ORDER IV. PSEUD08C0RPI0NIDA (CHERNKTIDEA) 

This order includes the ‘book scorpions* (CAelt/er) and others. 
Various forms, belonging to existing genera, occur in the 
Oligooene amber, e.g. Chelifer, Chemea. 
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ORDER V. PHALANOIDA (OPILIONINA) 

Examples of this Order ('harvest-men*, etc.) have been 
found in the Oligocene amber. A few forms found in the 
Carboniferous may belong to this Order. 

ORDER VI. ACARINA 

This Order comprises the mites and ticks. A mite {ProUuarvA) 
has been found in the Old Ked Sandstone (Rhynie chert); 
various forms, belonging chiefly to living genera, occur in 
the Oligocene amber and other Tertiary deposits. 

ORDER VU. ANTMRACOMARTI 

This is an extinct Order, foimd in the Old Red Sandstone 
(Rhynie chert) and the Carboniferous, and appears to be 
related to the Pedipalpi and Phalangida. The principal 
genera are Brachypyge, Anihrucornart%i$, Kreischeria, Eophry- 
ntts, ATUhracosiro. 
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Deiinaptera, 406 
Deamas, 48 
Deemodont, 243 
Deemodonta, 267 
Development of graptolites, 64 
,, of oor^. 86, 39 
„ of brachial skeleton, 
197 

„ of ammoooids, 316, 
321 

„ of trilobites, 368 


DtwnaHtr, 123 
Dextral gssteropods, 276 
Diaidax, 4(^ 

Dibranchia, 333-347 
DihunopkyUum, 100 
Di<i^lo9rQptu9, 72 
Dicerat, 261 
DieJtoffraptv*. 70 
Dicranograptud, 71 
Dicrdoma, 287 
Z>tc(jfO«m»lM, 344 
Dictgogruph»4, 76 
Diciyonema, 74, 76 
DielyophyUm, 40 
DictyoUtyrit. 216 
Dicyelio crinoids, 161, 166 
Didymograptu*, 70 
Didosmo, 216 
D^reiteUa, 217 
Dimorphism. 21 
Dimorphccenu, 318 
Dimo^phcgrapiut, 72 
Dimyaiia, 233 
£>ipC>groptu4, 72 
Diplopoda, 406 
J[>^>lopodia, 146 
Di^dopores, 176 
IHploirypa, 230 
Diprionhlianabisarial, 59 
Diptera, 409 
Disc (Asteroidea), 120 
„ (Asterosoa), 119 
,, (Ophiuroidea), 126 
Diteina, 202 
DiteinUca, 202 
Disonocons, 888 
DUeita. 311 
IHidloceras, 811 
Discoidal gasteropoda, 278 
I>ueoidta, 148 
Disoomedusss, 78 
DiMepiments, 84. 86, 88 
Distal end, 68 
DifAproeam, 388 
Divarioator moaolee, 195 
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DcUoearit, S92 
D<max, 2M 
Dorsal oop, 161 
Doryderma, 45 
Dotinia, 266 
DrsgcU'flies. 408 
DrotniUtet, MS 
Duranto, 263 
Dysodont, 241' 

Ears (LameUibranohs), 243 
Earwigs, 408 
Ecard^MS, 200 
EeAtnobrtMM, 140 
EcA*itocan«, S66 
EcAtnoconiM, 147 
SeJutuKory*, 150 
EMnoeytHt, 164 
Echinodarma, 117-186 
Eohinoldsa, 129-157 
Behinolanpiu, 160 
BMnotpkara, 176 
BeJiituM^itria, 136 
BeJunus, 147 
Ectobranohiata, 145 
Betooyst, 226 
Ectoderm. 62, 55, 75. 120 
Ectoproota, 227 
Bdmondia, 270 
Bdriotuter, 185 
Edrioasteroidea, 184 
Elouthemoa, 110 
EnwrptflMla, 261 
Bnerinunu, 373 
Sncrinut, 170 
Bodite, ^ 
Endobrancbiata, 142 
Bndocmu, 300 
Eododerm, 62 
Eodopodite. 350, 361, 389 
Eodofliphon, 309 
JSndcthyra, 25, 28 
Snopioelytia, 400 
Bnialcphorn, 228 
Bntocrsle, 81 


Sntomit, 380 
Eatomoetraca, 362 
Entoprocta, 227 
£o6olan««, 383 
BolnaJuu, 430 
Boeareintu, 402 
Boeidaris, 164 
Eotepu, 383 
Bopkryniu, 431 
EoptycMa, 283 
Eotcorpitu, 429 
Bo^pfutroma, 393 
Epbemeridtt, 408 
Epbemeroptera, 408 
BpiatUr, 152 

Epiatome, 397, 400, 402, 421 
Epitheoa, 82, 85 
Epiioniumy 284 
SrettopUnu, 426 
Eryma, 400 
Styon, 397 
Erythroaponyia, 60 
Es^tcfaeoa, 2M, 243 
Bttherta, 378 
Eaaradmida, 427 
Buealj/ptocnnii$, 167 
Euoarida, 394 
Budetia, 217 
Enlamellibranohta, 257 
BuomphiUHt, 282 
Eupbausiacea, 394 
BuphoUria, 406 
Etiprpdp$, 416 
Ettrycore, 368 
Euiypterida, 417 
EvrypUrus, 424 
Eitcmosoma, 127 
Eroliition, 11-14 
Ezcorreot canals, 35 
Ezhalent canals, 35 
Exite, 360 
Exoccele, 81 
Bxogyra, 257 

Exoi^ito, 350, 361, 380, 305 
Exaert oculars, 131 
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Exsert septo, 83 
Eye-line, 337 

Eyee (Cephalopoda), 303, 806, 889 
„ (Cnisiaoea), 351, 377, 380, 
386, 386, 391, 392, 394, 
396, 404 

„ (Eurypterida), 417 
„ (Lam^brancba), 238 
„ (Soorpiona), 427 
(Trilobitee). 366 
„ (Xiphoeura), 411 

yahtdorwi, 24 
Faceted pleune, 368 
Facial anture, 364 
Falae oolnmella, 84 
Family, 14 
Fascicttlaria, 228 
Faaoioulate, 87 
Faaoiole, 138 
FavotiUs, 108 
Feather-stare, 160 
FenuUUa, 230 
FtntetreUinOj 230 
Fiaaion, 63, M 
FistureUOj 281 
Fi49urid«a, 281 
FiataZtporo, 228 
Fixed brachial, 164 
„ oheelc, 364 
,, lamellibraneha, 247 
FlabtUum, 102 
Flagellata, 18 
Flagellum, 17, 33 
Fleaa, 409 

Fleeh-apioulea, 37, 40, 42, 44 
FUee, 409 
Flint, 7 
FlosoeUe, 140 

Food-grooTe, 169, 166, 176, 180 
Foot (Cephalopoda), 302 

(Qaateropoda), 274, 291, 292 
„ (Lamellibranohia), 236 
„ (HoUoaoa), 234 
„ (Scaphopoda), 301 


Footprints, 8 
Foramen, 194 
Foraminifera, 18-29 
Forfioulide, 408 
FoeailiaatioD, 2-8 
Foeeula, 83, 92 
Francoearii, 392 
Free cheek, 354 
Freshwater lamellibranoha, 271 
Fulcrum, 368 
Fulgoride, 406 
Funnel, 302, 304. 330 
Fuaiform gaateropoda, 270 
Ftunmu, 280 
Fuawltna, 26, 28 
Funu, 289 

Oalerites, 147 
Oaltropyfftu, 166 
Oammarus, 393, 394 
Oampaonyx, 390 
Gaping (Lamellibraneha), 246 
Oari, 266 
Gaateropoda, 274 
Qastral cavity, 33 
„ layer, 33 
Oastriouraa, 324 
Gaatroporee, 76 
Gaatroeooid, 66, 76 
Genal angle, 354 
„ apine, 864 

Q^tal operculum, 414, 422, 429 
„ plates, 130 
Genua, 14 
OeodiUs, 39. 43, 60 
OeoUulhi*, 346 
Oephuroureu, 324 
Oe^inura, 430 
OerviUia, 261 

Gilla, 139, 234. 236, 273, 274, 303, 
304, 338, 349, 389, 392, 303, 394. 
40S. 410, 414, 422 
Glabella. 363 
Qladlua, 339 
OlatM, 196 
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QUuooiLtt«, 6, 37 
Glcbigtrina, 2b, 28 
Qlobalar gMterc^xxls, 270 
Olydimru, 249 
Olffphea, 808 
Olypkioc*ra$ s OoniatiUs 
OlyjrfocniiM, 172 
OlyptMecrjriiu, 423 
OljfpUMphtna, 176 
OnathobftM, 360. 361. 377. 412 
OofttB, 409 
Ocidiiu, 371 
Qompfioetnu, 300 
Gonuigiom, 64, 66, 64, 66 
Ocniatius, 313, 323, 824 
tiWioclynMilta, 323 
Omiomfo, 260 
OpniopkyilMm, 96 
Ooniopora, 103 
Qonooyit. 228 
OoDceduzn, 228 
Oonopbore, 63 
OoDOtb«ca, 64, 66 
Oorgonia, 103, 114 
Orteophontu, 430 
Orommy*ia, 269 
Oranataerinua, 183 
GtohImi, 36, 39 
OraoulM, 136 
Qraphvlaria, 114 
QraptolitM, 67-76 
OnptoUthina, 57 
Qraptolitoide&, 67-73 
Oradf/a, 268 

OriffiiAidta, 375 
Gromia, 19 
Oryllidc, 407 
Ofyphaa, 16. 267 
OtyphoeMian, 274 
Quikrd of Jidemnitu, 340 
OymnobUfte*. 64 
Oynanoliema, 227 
Qymnomyzo, 17, 18 
Oypidula, 210 
(typaino, 78 


Oyroetrat, 810 
Oyroceratitea, 324 

Httmotito, 7 
HalitMon^ia, 39 
Balicyna, 362 
HaUirhoa, 45 
HalydUt, 111 
Hamitu, 333 
Hamitoid coiling, 320 
Harpu, 371 
tiarpoceraa, 330 
BadiUa, 343 
Harroat-meo, 431 
Hoad'ihield, 363 
HdiotUhader, 128 
HdioUUa, 109 

08 

Hdiopora, 104, 107, 109, 116 
Bdioapkma, M 
Bdix, 204 

^clmin/AocAiton, 274 
Htmiaapu, 416 
BtmiaaUr, 162 
BtnituUtdt, 146 
Bemiptdina, 146 
Bemiptera, 408 
BtmUhyna, 214, 220 
Bercdepas, 883 
Hemit-cnb, 401 
Betoractinellida, 46 
BtUrocttnia, 108 
Heterodoot, 241 
Heterodonta, 269 

Heterogeoetio homoeomorphy, 16, 
197, 321 

Heteropoda, 291, 300 
Hexaeoralla, 92, 100 
HexactineQida, 40-42, 49 
Bxtttdla, 267 
HiMiUa. 343 
BiUooeroa, 330 
Hinge (Braohiopoda), 191 
„ (LameUibran<^ia). 241 
Hinge-area, 192. 243 
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Hinge-line (Brachiopod*). 191 
„ (Lamellibranchia). 241 
Hinge-plat^ 242 
HinniUt, 26S 
Hippoekrwu, 287 
//ippppodtum, 259 

UippwiUM, 262 
floerntM, 251 
Holaspid itage, 364 
HoUuUr, 151 
Hotcotponffia, 47, 50 
HolccUuihit^B^tmnitet, 843 
Holeetypina, 147 
Hijketypyu, 147 
Holmia, 366 
HoUcytti*, 102 
Holoetomatoue, 277 
Holotburoidea, 158 
Bomalonoitu, 369 
Homarus, 400 

Homooomorphy, 15, 197, 321 
Homomya, 269 
Hood, 305 
HopliUt, 332 
Hoplocaxida, 464 
Hojdoparia, 400 
HoriotUma, 262 
Hone, 18 
Hvdsonaster, 128 
HvghmiUeria, 426 
HjfotoMelia, 40, 50 
Hybodyptyu, 149 
Hybocrinyu, 183 
Hydra, 53, 64 
Hydraetinia, 54, 76 
Hydraoth, 63 
Hydrooaultti, 64 
Hydroeorallina, 75 
HydrorUsa. 64, 68 
Hydroepire, 180-182 
Hydrotheca. 54, 55, 57, 60 
Hydroeoa, 53 
Hynunocarit, 388 
Hymenoptera, 409 
HyclUluUu$, 293 


HyolitiM, 292, 293 
^ypatOAocnitue, 167 
Hypoctome, 357 

JchtKyocrinut', 171 
/dtoelronwi, 78 
Jdmonta, 228 
lUeenta, 370 

Impeif^on of the record. 11, 12 
Imperforate gaeteropodr, 276 
Inaitaculata, 191, 200 
Included plates, 134 
Incurrent canals, 36 
Indoetnu, 337 
Inferior lateral lobe, 314 
Inflected Up, 278 
In£ra-baaal plates, 161 
Infusoria, 17 
Inhalent canab, 35 
Ink-sao, 303, 339, 343 
Inner lip (Qasteropoda), 277 
InouramuB, 251 
Inseota, 406 
Insert ooulara, 131 
Inter-ambulacral area, 132 
„ „ plat^ 182, 166 

Inter-ambulacrum =inter-ambula> 
cral area, 132 
Inter-brachial plates, 164 
Inter-radial plates, 161 
Iron p 3 rrites, 7, 37, 57, 63 
Inegalaria (eohinoids), 147 
Ita*tr<ga, 102 
Jtchadiit*, 49 
/«M, 103. 114 
/socordia, 260 
Itocrinut, 172, 173 
leodont, 241 
Itoyrumon, 252 
Isopoda, 392 
Isoptera, 408 
Isotropic. 3, 37 

Jatkdocyilu, 177 

Jaws (Ceph^opoda), 305, 339 
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Jelly-fishes, S2, 78 
Jvlut, 406 

Komp«cari$, 406 
Keel (AmmoDoidea), 321 
Kiliaiueons, 392 
King-crab, 411 
KodonophyUumt 96 
KoninekUt^ 109 
Kmiaeibtna, 222 
Keaittehoctioris, 164 
XopKinoetrat, 310 
Ko$moeera$, 331 
KreiscAmo, 431 
KiUorgit%a, 201 

LoUehitt, 78 
Labial p^ps. 288 
Labnun, 367 
Lacattlia, 204 
Lagena, 25 
Lamellibranobis, 236 
Laminazian sods. 296 
Laaoet-plate, 180 
Lapwortkmn, 127 
Lateral budding of corals, 86 
„ teeth. 242 
Ledo, 248 

Left valve (Lamallibrancb), 246 
Ltiopkria, 262 
Lepadoerinut, 177 
L«pcu, 382, 384 
L^trdiiia, 380 
Ltpidtrthtt, 136, 164 
L^pidoeorit, 378 
LtpidccoUut, 186 
XepidocenlrM, 154 
L^pidoepdina, 28 
ZttpidoditenM, 186 
t*pidopleuru», 274 
Lepidoptera, 409 
Le^ttms, 378 
X^'smo, 407 
LtpUtma, 206 
Leptograptiu, 71 
Leptoplatlut, 368 
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1/eptostraca, 386 
Leuoon sponges, 46 
Leacoeolema, 34 
LicAos. 373 
Ligament. 243 
lAmOt 265 
Limaivlat 266 
Limatvlina, 266 
Limnaa, 294 
Limonite, 7 
Lmtilits, 411-414 
Ltn gunl ribtXHl, 276 
Lingula, 201 
lAnguMla, 201 
Liameaut, 288 
Lii^artta, 103 
Lithistida. 43, 49 
Lilhoeampt, 31 
LUModotnut, 260 
LiAophaga, 260 
Liihottrotion, 100 
Liiogatkr, SV7 
littoral tone, 219, 296 
Xvilonaa, 284 
Litmtu, 310 
Liftula, 24 

Lobes (Ammonoidea), 313 
LobobaeinUi, 319, 336 
Lobsters, 394, 400 
Loonstidis, 407 
Loganograptus, 70 
Ldigo, 346 
Lonsdolesa, 100 
LopAo,257 
Lophopbore, 190, 224 
Xoriculo, 388 
Lovantehinut, 164 
Loxonetna, 2 ^ 

Lucina, 263 
Ludtoigia, 330 
Lnng-books, 349, 410, 429 
Lunule, 240, 243 
I/unulitet, 283 
Lyopomata, 200 
Ljftoserat, 326 
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Maceoya, 142 
M*cberi^, 186 
MachHi$, 407 
Macoma, 266 
MacroaUlitia, 266 
MaeroctphaiiUj, 331 
Macrocheilu*, 283 
MaerocJiilifui, 283 
Maerocyti^lot 177 
Macropygut, 148 
MiicroKaphiU*, 333 
Maortm, 395>40I 
Maorarout, 307 
Mactra, 206 
Mactromya, 263 
Kaooltt, 229. 367 
Madrepora, 114, 116 
Madreporaria, 

Madreporie plate, 130. 181, 

142 

Madreporite. 120, 170 
MageUania, 216 
Malacoetraca, 384 
MameloD, 137 

Maiidiblea. 360. 361. 377, 379. 382, 
386, 394, 400, 406 
Jtfani»eoc«nur, 324 
Maniida, 407 
Mantle (Brachiopoda), 189 
„ (Cephalopoda), 303 

.. (Oarteropoda). 274 

,. (Lamellibranobta), 230 
„ (MoUiuca), 234 

(Scaphopo^), 301 
Mantle<caTity. 189, ^0, 303 
Marginal fudole, 138 
„ plates, 122 
„ pores, 180 
Margupiin, 166, 170 
Martinia, 211 
Maseive corals, 87 
MaHigograplxu, 67 
Mastigopbora, 17 
Maxilla. 360, 361, 377, 379, 382, 
386, 304, 405, 406 
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Maxillipedes, 386, 391, 392, 393, 
394, 404 
May-flies. 408 
Jiecochirtu, 399 
Meduia, 63 
ifedustna, 79 
Medv*iUi9 m Mtdu4ina, 79 
Muktehintu, 136, 166 
ifepolodoit, 264 
Megaloephere, 21 
Megascleres, 37, 46 
Jfegaieuthitt 343 
Jfelaaia, 2^ • 

Mtlorwhinus, 143 
MeUmiU*. 143 
JfeiR6niA»pora. 231 
Meraspid stage, 364 
Mereirix, 266 
ifensttn^ 212 
MeroatniUt, 326 
Merostomata, 411 
Mesenteries, 79, 80, 81, 103 
Hesobkutus, 184 
Mesoglcea, 62 
Mesonoeis, 366 
MuopalatuUr, 128 
Mesoporosy 229 
Meso»ceptron, 114 
Meaosoma, 410, 411, 417, 427 
Metasepta, 90 

Meteeoma, 410, 412, 417, 427, 429 

Metastemite, 429 

Metastoma, 367, 421 

Melopasttr, 124 

Jldf^ma, 3M 

MicMinia, 109 

Micfobaeia, 103 

MicrtuUr, 161 

Murodtsetw, 366 

Micromitra, 200 

Mieropora, 232 

Hicroptychi$, 283 

Hicroscleres, 37, 42, 40 

Microsphere, 21 

JdicroAyrit, 217 
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Iftitota, 22 
MUUpora, 76 
MUUporidium, 76 
Hili^icrinue, 164, 171 
MilUttroma, 76 
MiUipedet, 406 
Mimoeeriu, 324 

136. 154 

Miopaniastunn^Pentaneru*, 200 

MiUUa, 364 

MitM, 410. 431 

Mitra, 289 

Miinuttr, 124 

Mitrectot 289 

MUrocjfitu, 176 

MixopUmt 421, 426 

Modiola, 260 

Modioloptis, 250 

Modioitu, 250 

MoUusc*, 234 

Momixonid*, 42, 48 

MonoeycHc, 161, 167 

MonofropiiU, 72 

Monumjr»ri4, 238, 240 

Honoprionidiut =>nniserial, 69 

Monticule, 229 

UoniUvttUia, 102 

Mosquitoee, 409 

Hothe, 409 

Moutk'WSgle pUtee, 122,126 
lluItiiocuUr Foreminifem, 19 
Uultispirel oporculum, 378 
Jiurchnonia, 281 
Jfvrex, 289 

MueouUr impreesiona, 195,240,306 

Mya, 267 

JfyoitM, 254 

Jtfpoeonclut, 251 

Myop^oria, 268 

Myriapod*, 406 

MprioriieAM, 154 

Myadaeca, 391 

Mytllaeea, 260 

MytUue, 250 

Myxoapongida, 42 
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Nacreous layer, 246 
NaiadiUs, 272 

Na%noMiu^ProtoUtiihi«, 343 
Aoaao, 288 
NoMortiM, 288 
Natantla, 396 
Norieo, 2^ 

Nauplioa larva, 361, 384 
Nautiloidea, 304 
Nourilw, 303. 304, 311 
Jfebalia, 385 
Neok'flnrrow. 364 
Neck'ring, 364 
Ifeeroearcinus, 403 
NritAee, 256 
Nema, 61 
NemagraphUf 71 
Nematooyate, 62, 65. 57 
Nematophorea, 67 
NeofuboUU$, 3^ 

NeolentM, 361 
Neoltmaittf, 416 
Neotremata, 201 
NepCitnea, 288 
Nerinea, 286 
Nmfai, 283 
Ntritina, 283 
Neuroptera, 408 
Nipponito, 323 
Nodotaria, 26 
NotoneoUdie, 408 
NoiopoecrysU*, 403 
Notoatraoa, 376 
NnetOa. 288 
NueUciiU4, 149 
Nuoleoa (iWtosoa), 17 
Nuetda, ^8 

Nuatktnaf 248 
Nadibranchia, 291 
Nullipore soqb, 296 
N«mn«li<ea, 26 
Nummulitie Limeatone, 29 

Oielia, 66 
OboMla, 202 
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ObowAhyrit, 217 

Occlud^ plAtes, 133 

Octfrotinallid*, 43 

Ootopoda, 343 

Octopu», 338, 343 

Ocular plates, 123, 130 

Ocultna, 116 

Odonat^ 406 

OdoDtophor, 122 

Odonicpbore, 236, 276, 301,304 

OgygiA, 330 

OleneOae, 333 

Olenus, 336 

OligoeiiBta, 187 

OUgoponu, 133, 164 

Om^yma [Cetopkyllum), 04 

OnUesus, 303 

Ontogeny, 13. 103. 197, 321, 333 

OnycJituttr, 128 

Onyobopbora, 349 

Oceoium, 228 

Oostegi^ 300 

Optrdlina, 27 

Operouluzn, 278 

Ophiccten, 126 

Ophiogtypha^ 123, 128 

OpMii^, 128 

Ophiura, 123, 128 

Opbioroidea, 125,126 

O^onina, 

Opit, 230 

Opisthobrancbiata, 291, 300 
0{Mtboparian, 366 
Opistbosoma, 411 
OpptUa, 330 
Oral plates, 133, 176 
„ surface, 120 
Otbicui oi dtOj 202 
OrbiMina, ^ 

OrbMiUs, 24 
OrbitrtmiUM, 183 
Orfruliao, 23 
Order, 14 

Organ-pipe coral, 103 
Omith^, 217 


Oropkocrinui, 178, 184 
Orthacea, 207 
Ortku, 207 
Ortkocenu, 308 
Orthogenesis, 13 
Ortboptera, 407 
Osoulum, 33 
Ostracoda, 370 
Osfreo, 263 
Ostreacea, 253 
Outer lip (Gasteropoda), 277 
Outer side-plate, 182 
Ovioell, 223 
Oxyclymeata, 323 
Orynetteeros, 329 
OxyteuikU, 343 
Oxyioma, 262 
Oi^fttropitda, 303 

Paekastrelia, 39, 43 
PocAtnion, 44 
Paekypora, 100 
Paehyritma, 234 
PoeAyfeulAM, 343 
Pakieckinue, 142 
PaUaga, 303 

PaUsinackM=:Protocareinu9, 403 
Palaoearii, 390 
Palsooonoha, 239 
PaUeoeoryAes, 403 
Palaoeretuia, 383 
Palaoetoptu, 343 
Palaocyc^, 94 
PaUtoeyprit, 380 
Pa)»odiotyoptera, 407 
PoloMdisetu, 164 
PaZ<solMn«itt«, 416 
PalaolifNo, 2M 
Paleeontina, 409 
Paiaopalamon, 392 
Palaopkontu, 423, 420 
PalM^tiia, 98 
PaiasUriscia, 128 
Pali, 84 
Palinnra, 397 
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P»]lial lino, 

PalU*! ainus. 241 
Palp (mandibular), 379, 389 
Palpebral lobe, 356 
Poladtao, 285 
Ptmopm, 267 
Paper<nautilae, 338, 339 
PapoljB, 123 
Poroftoltu, 368 
ParaMindhit 368 
Paroiond*», 367 
Parallel modidcatioo, 15 
Par(iiie6alM, 386 
Parapodia, 187 
Paramnilia^ 102 
P^rktria, 55 
Parkintonia, 331 
PoKUo, 280 
PttUrina, 20U 

Paudepinl operculum, 278 
Pavonaria, 114 
Pearly layer, 245 
Peclei», 255 
Pectinaoea, 254 
Peetinee, 423, 429 
Peotinibranohia, 283 
Peetini-rhombe, 177 
PecItMottiM, 249 
Pedioellan», 123, 138 
Pedicle, 192 
PedioleK»pening, 193 
Pedipalp. 410, 427 
Pedipalpi, 430 
Pelop^ 78 
Pela^o animals, 9, 31 
PeiaaecAtim, 136 
Peleoypoda, 235 
Ptimalopon, 232 
Pelmatozoa, 159 
P«UatU», 145 
P^UKtrat, 332 
Pelfwo, 368 
Pttnphix, 397 
Pen (squids), 339 
Petusut, 306 
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Penmivla^ 104 
Pentauroa, 121 
Pentacrinna, 170 
Pentameraoea, 209 
Pontamere, 161 
PentamerM, 209 
PenirtMilt*, 179, 181, 184 
Peraoarida, 390 
Peneopod, 395 
Perforata, 92 

Perforate gasteropoda, 276 
Periderm, 58, 60 
Perignatbto girdlt,, 141 
Periostimcum, 244 
Penpoitis, 349 
Peripetalous faeoiole, 138 
Poripodium, 133 
Periproci, 130 
Perisore, 54 
PerucAodomus. 154 
PeruipAtncies, 333 
Peristome. 129, 138, 277 
Pema, 252 
PeroaiddUi, 47 
Petelopraptus, 72 
Petaloid ambulaora, 135 
Peinuo, 98 
PetriCa^on, 7 
Phaeopa, 371 
Phalangida, 431 
Pharetronid sponges, 47 
PhaaimuUtt, 1^2 
Phasmidie, 407 
PhiUipaaatrtM, 97 
PhiUipaia, 374 
PAolodomyo, 268 
Photaa, 287 
PKormoaatla, 40, 49 
PAomuMonui, 138 
Phorua, 285 
Phngmoearaa, SIO 
Pbragmooone, 340 
Phn^moteuthia, 344 
Phraaioicua, 393 
PArynus, 430 
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Phylaotolnma, 227 

Phyllooarida, 385 

PhyUocenu, 328 

PhgUofraptu*, 7U 

Phyllopod appendage, 350, 377 

PhyUopoda. 378 

Phytogeny. 11. 13. 321 

Phylum. 14 

Phynotoma, 146 

Piloc«ra4, 312 

Pinaeoetrat, 326 

i**nna, 261 

Pinnulea, 163 

PUaria, 266 

PitMonoton, 403 

PUuoey«ti4, 176 

Plagiostoma, 266 

PlanktOD, 206 

Planorbi$, 204 

Plaot'Uoe, 408 

PUumoporOf 111 
PlaatroD (eohinoida). 162 
Plaiyctras, 284 
PlatycHonia, 60 ’ 

Ploiyen'nw, 167 
PlatyMrophia, 208 
Pleopod, 386 
PUtietMinu*, 148 
PleaioUMthu, 346 
Pleura, 368 
PUurocyttU, 177 
PUurodietyum, 100 
PUurograptus, 71 
Pt«uromya, 2M 
Pleuropygia, 200 
PlettroUma, 200 
PUurolomaria, 280 
Plieotula^ 264 
Plocotffphiot 41 
PlumatUr, 128 
Plumvloria, 66, 67, 67 
Plumulit4t, 186 
Pneumatocytt. 66 
Podoeyrti*, 31 
PoUuntila, 282 


PoUieipet, 384 
Polyc^ta, 187 
PtdychtUa, 307 
Polygeminal, 134 
Polyp. 53. 68, 76, 81, 103 
Polypary, 67 
Polypid^ 226 
Polyplaoophora, 273 
Polyzoa, 224-233 

Poroellaneoua Foraminifera, 18, 20, 
22 

Poroellaneoas layer. 245 
Pore<rbombe, 176 
Porifera, 33-61 
Poroap&cero, 48 
Poaidonia, 263 
Poaidonomya, 263 
Poet-abdomeo, 427 
Poatecior can^ 278 
Potamidea, 286 
Poterioeeraa, 310 
Potarioerinua, 160 
Prtaanaapidaa, 300 
Prcatapaa, 363 
Pre-abdomen, 427 
Preardurua, 303 
Preatwichia, 416 
PreatwickianaUa, 416 
Primary platea, 133 • 

„ aeptam, 82, 00 
tuberclM, 136 
PrimitUa, 380 
PriaeoeMUm, 274 
Priamatio layer, 108, 244 
PrimotopAyUam, 97 
Prodiaeooonoh, 2M 
Pmduetdla, 206 
Prodyuiua, 204 
Proehtta, 376 
ProyrnpAwJaria, 114 
ProiaeaniUa, 325 
PnmopaltaaaUr, 128 
Pro-oatracum, 343 
Proparian, 366 
Prapora, 111 
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/VoKorptw, 429 
Pronphon, 317 
ProciphoTute, 313 
ProtobnnchiAU, 280, 290 
Pro«om», 410, 411, 417, 427 
Protopon, 403 
PfotMpid, 363 
Protader, 127 
Protogulum, 190 
Protobalanu*, 383 
Protoeardmu, 403 
ProtocaeJiOj 264 
Protccaru, 378 

Protoconoh, 280. 308,817,322.340 
Protoe^du, 177 
Protodcnukt*, 408 
Prololmvltw, 416 
Protoiffcota, 430 
PAofopArymw, 430 
Protopl&am, 17 
PKrfcopodite, 390, 361 
Prot4»ihopt«n, 408 
PrdoteoUx, 187 
Prototpongia, 41 
PrdeUvtJU4. 343 
Protoxoa, 17>32 
Protractor muocle, 240 
ProtromaU, 204 
Proo tr ruca, 383, 384 
ProTinoM (MoUoie*Q), 297 
Proximal end, 98 
P«minobui, iM 
Pteatioerinta, 177 
Pteudodeltkliam, 194 
Pseudodiadema, 146 
PteudoffoJdhea, 392 
397 

Ptttidomdania, 284 
P»endom0Hotu, 253 
PreudoAMcw, 416 
Paeodopodia, 17, 18, 19. 30 
Paeadoaoorpionida, 430 
Paeodoaepta, 106 
PuadotypOfitwra, 283 
Ptihetrtu, 329 


Ptano, 252 
Pteriacaa, 251 
Plen'iua, 253 
PterinopteUn, 256 
PteroniUB, 262 
Ptoropod ocaa, 292 
Ptoropoda, 292, 300 
PUrygottu, 425 
Ptilo^pttu, 74. 75 
PAtgnax, 215 

Pulmonary aaca. 427, 429 
Polmonata, 294, 300 
Purpura, 2^ 

Purpuroidta, 284 
Pycinadtr, 124 
PyenoUpas, 384 
Pygadar, 148, 166 
P>^dium, 362, 368, 361 
Pyfocephalus, 392 
Pyryo, 24 
Pyryocydi*, 186 
Pvrttoncmo, 40, 49 

Quia^velocuUna, 24 

Radial platea, 123,126,131,161.179 
„ aymmetry, 79, 118, 176 
M water-veaael, 120, 133, 141, 
160 

Radiolaria, 80, 32 
Radiolarian oose. 31 
Radiola, 137 
Bodiclitu, 263 
Radula. 276 
Raninidn, 403 
Jbifintsquina, 206 
RodtriUt, 72 
Bttyonnoeera4, 309 
Ra^pitulation theory, 13 
Ktetpiaeulitea, 49 
Red coral, 103 
Reef corals, 112 

Refiected Up (Gasteropoda), 278 
Regularia (eo^oids), 142 
Bemopletiridt*, 355 
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Aentcro, 43, 60 
RepUntU, 397 
JiequUnia, 262 
JUtidiUt, 72 
Retractor musclce, 240 
RetrosiphoDAte, 307, 313 
Rkabdoctras, 336 
Rhabdometon, 231 
Rhab^oeome. 57 
RhaphuUmtma, 47 
RhipidonuUa, 206 
06 

RAizoetoma, 78 
RhixottomiUs, 78 
Rhopalobtlut» RattiUa. 343 
RM^Ixtlocoma, 128 
RAopoionaria, 227 
RA^rncAoneUa, 213 
RhynoboneUiioea, 213 
RhyneJioireta, 210 
RAynteUo, 407 
Right valTe, 246 
RimeUa, 267 
Root (Ciinoid), 160, 164 
Root-tuft of Spongee, 36, 40 
RorfcUoria, 287 
Roatrol plate, 404 
Roetrum, 365, 394, 395, 307 
RoIoIm, 26 
Rugosa, 02, 94 
RuaieUa, 200 

iSaeeofltmtaa, 24, 28 
Saecammincpns, 24 
Saeeocoma, 165, 173 
Saddles (Ammonoidea), 313 
Sagtnoerinut, 171 
Roleititf, 145 
SaUertUa, 202, 312 
Sanffuinditex, 270 
Sao, 363 
Sarcodina, 16 
Saw.flice, 409 
SaxteaM, 267 
Rcola, 264 


Seaiaria, 284 
RcaipeSum, 383 
ScaphiUs, 335 
Scaphitoid coiling, 320 
Scaphopoda, 301 
ScA^tneneUa, 207 
RcAtmpereOa, 302 
SchitatUr, 102 
SchuobUuhUp 184 
Schizodont, 241 
SchizodoDt^ 257 
Schitodtu, 258 
ScAiaopAc^, 208 
SchixopodassMyeidaoea + Eiiphau* 
aiaoea, 391, 304 
RcAltvn&^io, 333 
RcAloiAetmia, 320 
Scorpiooida, 427 
Sorobicale, 137 
<3cuUa, 406 
ScuUUa, 146 
Scutum, 363 
ScyphomeduMB, 78 
Scyphotoa, 78 
39, 44 

Sea-anemonea, 52, 79, 82 
Sea*cuoumbere, 158 
Sea-UUea, 160 
Sea-urchins, 129 
ReliscotAoa, 89, 44 
Stpia, 302, 346, 347 
Septa (Cephalopoda), 306 
„ (Corals), 82, 86, 86-92 
„ (Foraminifera), 19, 20 
Septal fossula, 83 
„ necks, 307, 313 
Set^nila, 168 
Sertuiar^, 55, 57, 67 
Sessile eyes, 390, 392, 394 
Set*, 187. 189 
Sicula, 68, 61-64 
Side-platos, 180 
RieAersUo, 210 
SiUca, 8. 7, 30, 36. 37 
^iliguoria, 276 
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SUver^fish, 407 
Sirapio Ambulacra, 136 
Sinistral gaatcrojx^ 276 
SinupaUiata, 265 
Hipho, 268 

Siphon, 236, 274, 277 

Siphon^ aaddle, 314 

SipAoaia, 46 

Sipbonoatomatooi, 277 

Siphtmotrtta, 202 

Siphonoaooidfl, 104 

Siphuncle, 307, 313. 317, 339, 340 

Skeletal-tpioul^ 37 

iSltmonio, 426 

i9fn»<Aia, 97 

i^olartiuN, 284 

SoUuUr, 126 

3oUi^, 266 

Solitary oorala. 111 

Somite, 348 

Soaninto, 330 

Spatangina, 149 

SfotenpM, 131, 167 

Spaolea, 14 

8pk<trexceJnu, 373 

SpharophUmlmv*, 368 

3pk(gro»poitffia, 49 

Spiculea, 36-39, 103, 168 

Spidera, 430 

Spiaea (Echinoidaa), 137 
Spiraclca, 170 
Spiral angle, 276 
M ornament, 279 
Spire of gaateropods, 276 
iSpiri/ir, 211 
Spi^eraoea, 211 
Spiri/erina, 211 
Spirolocaliaa, 24 
Spirorbii, 188 
Spintla, 339, 346 
SpindiroMra, 344 
iSp»nilirc«(ridi«nt, 344 
SpirulirMirinet, 3M 
Spondyliun, 196 
i9poa4yl»«, 264 


Spongea, 33-51 
Sponiffiiia, 43, 48, 50 
Spongin, 36. 42, 43, 46 
^pongophjfUoidea, 96 
Sporosoa, 18 
Squid, 338 
S^iUa, 405 

Stalked eyea, 366, 390, 396, 404 
Starflabea, 120 
Stat$raxtdtnuter, 124 
Stattroe^pHalui, 373 
Slovroaema, 50 

Stem (Blaatoideab 177 
M (Criaoidea), 160 
„ (Cyrtidea), 173, 174 
Steiuuler, 128 
SUnopora, 230 
Steaopue, 396 
SlepAaneocera#, 331 
Sternum. 349, 418, 427 
Stigmata, 429 
Stomatopoda, 404 
SUmatopom, 228 
SlomedUnta, 146 
StomodMum. 79, 80, 81, 103 
Stone*oanaJ. 124, 141, 160 
Strabop*, 426, 

Stramonium, 383 
StrepUlatma, 94 
Streptoneura, 280 
i9tr»eUandia, 210 
SlrinpoeepkoltM, 217 
StromaioeyriU, 186 
Stnmatopora, 76 
Stromal^wreUo, 78 
Stromatoporoidea, 76 
Strombut, 287 
Sirophalooia, 205 
Sirophomena, 207 
Strophomenacea, 204 
StropkoneUa, 207 

StUflaMier, 126 
StyUuUr, 76 
Styliform ooliimdla, 84 
S/ytimi, 102 
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Siiflioia, 292 
Styltmurus, 425 
8ub>»n&l f^ciole, 138 
6ub>pet«loid ambalftcra, 135 
Sucldng-disc*. 302, 339 
Sup«rior lateral lobe, 314 
Supplemental tkeleion, 26 
Sur-anal plate, 131 
Suture (Oaeteropoda), 276 
Suiure-Une (Cephalopoda), 308, 
313-317 

SyooQ epoogee, 46 
Synajtia, 158 
Synaptioula, 84 
Syncarida, 380 
Sy»qfetoitema, 255 
Syrinffopora, 107 
Syrinffothyri^, 212 

Tabula, 84. 104, 106 
Tabulate oorala, 10^111 
TaUfan. 385 
Taliirvs, 303 
Tanaidaoea, 391 
Taxodont, 241 
Taxodonta, 248 
TeattuKori*, 392 
Teetlbranohia, 201 
Teeth (Brachiopoda), 101 
,, (Lamellibrani^), 241 
Tegmeo. 161, 165 
TtUina, 265 
Telotremata, 211 

Tebon, 350, 377, 384, 385, 392, 
395 

TemaocAetlu#. 311 

Tentaolee, 53. 70, 81. 103, 158, 187. 

190. 224. 274, 302 
TetUaculit€$, 293 
Terebrai^la, 217 
TerebratvUi, 216 
Terebratulaeea, 216 
Terebratuliiut, 216 
Teredo. 268 

Tergum, 340, 383. 418. 427 


Termitidte, 408 
Teeticardinea, 200 
Tetrabranchiik 304 
Tetracoralla, 93 

Tetraotinellida, see Tetraxonida 

Telrayraptue, 70 

Tetraxonida. 43. 49 

Teettdario. SIS 

Thaie, 288 

Thaltueocerae, 318 

TAamaoaler^ 102 

Theca, 293 

Theca (Corals), 83 

Thecidea, 204, 223 

ThecideUina, 204 

TkeeoemUia, 102 

Theodoxae, 283 

Theonoa, 228 

Thetironia, 264 

Thetie. 264 

TAksre, 285 

Tholia^^la, 46, 50 

Thorax (Trilobite), 352, 358 

TArocM, 269 

Tibia, 287 

Ticks. 431 

TU\fu4, 429 

Tomocenu, 324 

Torus, 126 

Totteaoia, 262 

Toxaeter, 153 

Traohe«, 349.405, 406. 410, 427 

Trackyeerae, 326 

Transverse ornament, 279 

Tremati*, 201 

Trepostomata, 229 

Tretenterata, 200 

Trienes, 43 

TViorlArus, 359 

Triohoptera, 409 

Trigeminal, 134 

Triyonia, 257 

TrUobiU, 352 

Trimeroeephalus, 371 

Trinadetu, 366 
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Triiaxia, 20 
Trivia, 267 

Trochiform gMt«ropods, 276 
Troehocwu, $12 
Troe^ocpaihut, 112, 116 
T^ochcditoiu, 31 
TrochcUUt, ii6 
Troehue, 262 
TrooaUxirinM*, 162, 163 
Tube-feet. 120, 120, 129, 133. 130. 

141. 168, 160, 180 
Taberolee, 136 
Tabipora, 103, 107, 110 
r«6iJana. 54 

Turbinete gMteropods, 270 
7«r6inolKt, 100 
Turbo, 282 

Turreted gaateropoda, 270 
Twrif^>a», 186 
TurriliUt, 330 
Turrit, 200 
TurrUeUa, 285 
Typhit, 289 

Dbofbtia, 100 
Vintaerinut, 160, 173 
UmbiUeus, 276. 320 
Umbo. 100, 240 
UndUo, 212 

Unguieulete operculum, 276 
Vnicardium, 263 
Unigeminel, 134 
nQ£>9uler, 19 
UtUo, 208. 272 
UniramooB, 360, 380, 396 
Uabeiul criooi^ 161 
., greptolitee, 50 
UnlTelTO, 276 
UradvtUa, 128 
Vrda, 303 
Vronoeiet, 300 
Uropod, 386,306, 400 
Uemia, 318 

Velree (Braehiopod), 180, 100 


Valves (Lamelltbranoh), 230. 230 
246 

Varioes, 270 
Varieties, 16 
Velum, 53 
Venericardia, 261 
Veotral. 239 
Ventral valve, 169 
VttUriaUUM, 41 
Ventro-lateral plates, 123 
FsniM, 260 
Temutua, 276 
M^tacocmfia. 01 

FefmM, 383. 384 
VtrruaUilka, 44 
Vesicular tiuue (oorals), 84 
VeaidnadiUu, 311 
Vibracula,226.231 
Fia€l^2^ 

Virgola, 58, 61 

Visceral chamber, 82 

Vitreous Foraminifera, 18, 26, 28 

Fivtportis, 260 

VoiboTiMia, 312 

FuImUo. 263 

Folwto, 280 

Fohi^o^'no, 200 

WaagtnopbyUum, 110 
Waldbeimia, 216 
Wasps, 409 
Watw-boatmen, 406 
Water-fleas, 877 

Water-vascular ^stem, 117, 124, 
129, 141, 168, 160, 176 
Whip-scorpions, 430 
White ants. 408 
Whorl. 276 
WUaonia, 215 
Wood-louse, 303 
Woodoerinut, 169 
Worms, 187 

XaniboptU, 404 
Xtnaster, 128 
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Xtnophora, 
Xiphotur*, 411 
400 

X^odes, U6 

2^phrentit, 98 
ZtilUria, 217 
ZeitffmaUdfpas, 883 
Zoa«. 301 


Zoantharia. 81-103, 111 
Zoariam, 224 

Zone of Brachiopode and Corals, 
297 

of NuUiporee, 396 
Zones (stratigraphical), 8 
„ of depth, 295 
Zo6Dcium, 225 
Zoospore, 22 
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